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TRYPARSAMIDK IN SLEEPIMJ SICKXE:sS 

A Study of Forty Casks, with Stkcuk Rkfi:ri*nuk to thk 
CCRKIiRUhriNAL Fl.Ull). 

By CtKMEXT U CTIKSTERMAN, O H K , M l> (1-omi 1, O.T M. k H iUnnUl) ) 

The work summarised in this paper was carried out between the 
months of August, 1^21. and St'ptember, P>22, by the author, at the 
Stapktofi Mrmorhil Hospital of the Baptist Missionary Society at 
Yakusu, near Stanle>wille, Belgian Congo. 

Had it not been that one was single-handed, and fully oaupied with 
many duties largely unconnected with the surgical an<l nuMlical 
practice of a small though busy hospital, these investigations <ould 
have been carried out in a much more efficient way, and would have 
furnished reliable data for many more tontlusions than can be de- 
duced from the work as it stands. It is satisfactory to know, how- 
ever, that the cases rqmrted are being watched by my (ollcaguc, 
Dr. F. Gordon Spear, and that either before or after my return to 
Congo in the autumn, it wall be possible to publish a s(Tond reiK>rt 
on the subsequent progress, the longest record of which, up to tlate, 
is but eleven months. 

I wish, at the outset, to ac know ledge with cordial thanks the gcKwI- 
will and practical help of the Belgian State othuals, and the officers 
of the ('olonial Medical Service, to w’hich I had the honour of being 
attached in the capacity of mddecin af^rccy a po.sition which, while 
allowing one the utmost freedom, at the same time secured a very 
practical co-operation and the note of authority, frequently indis- 
pensable, in spite of the utmost conhdence of the natives living in 
the territory in the vicinity of the Mis.sion under my supervision. 
I w^ould also thank my non medical (olleagues for their forbearance 
in allowing the practically constant j)resenrc of advanced cases of 
sleeping sickness within the station precincts, a fact that accounted 
for not a few amusing (in retrospect) incidents. 

* The work reported in this paper represents an c*xtension of the chenx>thera» 
peutic investigations carried out in The RockefclltT Institute for Medical Re- 
search The drug used for the work was supplied by the Institute 
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TEVPABSAIODE IN SISBPINO SICKNESS 


TryP<«^$amide.~-Sodi\m salt of N.-Pbenyl^ydneamide-^Arscmic 
Acid. Tliis drug was first prqmed by Jacobs and Heideiberger, <ii 
The Roduddkr Institute for Medical Research, and an account of it 
and rdated comixNinds, all synthedaed frenn the Carman product, 
phenyIgiydne-/-arsonic add, was published in although orig- 
inally made and studied in 1915. 

The actiem of this drug on tryitanosome and iq^rochaete infections of 
the smaller laboratory animals was studied by Drs. Wade H. Brown 
and liouise Pe%rcc, and the results published in 1919 * 

The oicouraging results obtained dedded The Rockefeller Institute 
to send a mission to the Belgian Congo, and Dr. I.ouise Pearce has 
embodied the results of her work there In the latter half of 1920 in 
a masterly treatise.* It was there, at the laboratory of L6qx>ldville, 
that the author had the privilege of becoming acquainted with this 
extremely capable worker, and of seeing some of the results of the 
treatment of human tiypanosomiaas with tryparsamide. Before 
publication of her results, in December, 1921, Dr. Pearce sent me a 
supply of the drug, a.s did Dr. Van den Branden, Director of the 
L^opolddlle laboratory, with the request that I should undertake 
further research on the result of repeated administration in the 
endeavour to render normal the cerebrospinal fluid of advanced cases. 
It is, then, with very great pleasure that I acknowledge my indebted- 
ness to Dr. Louise Pearce for the valuable information and suggestions 
which she ha.s giwn me, and to The Rwkcfellcr Institute, and Dr. 
Flexner in particular, for the continued supjfly of tryi)ari.amide. 

Object. The superiority of tryparsamide over atoxyl and antimony 
com]>ounds. both in the .speed with svhich peripheral sterilisation was 
produced, and the duration thereof, w'a.s demonstrate<i by Dr. Pearce’s 
work, and its effect in diminishing rapidly the cell content of the 
cerebrospinal fluid pari passu, with marke<l clinical improvement in 
advanced cases, was also brought out. But, for the most {>art, short 
courses were gis’en, and the total administered did not exceed an 
average of 12 grammes. 

This worii was undertaken, therefore, to test the results of repeated 
administration of large doses at weekly inten'als by the intravenous 
route, with the object of rendering normal the cell content of the 
ootbro^inal fluid of the most advanced cases. 
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i/oloto/.— The forty cases reported were chosen from among the 
300 odd cases diagnosed during the period, for the following reasons:— 

(а) The source of their infection was known. 

(б) They showed definite symptoms of nervous involvement and 
altered cerebro^unal fluid. 

(e) They would consent to remain in the lazaret, i.e. in an area 
where there was no possibility for re-infection by tsetse flies during 
treatment. 

They comprise men, women and children, all natives; many had to 
be carried to the hospital in the first instance, others had for some 
time given up their work on account of the disease. 

1 have done no inoculation experiments into animals in order to 
determine the species of try{)anosome with which we have been deal- 
ing, but 1 have had no cause to suspect that it is other than Tryp- 
anosoma gambimse. In riew of a case having been recently reported* 
from the Sudan of human infection with T. rhoiesiense, however, the 
question is open to dispute. 

In thirty-one out of the forty cases an obvious clinical diagnosis was 
confirmed by the finding of trypanosomes in the gland juice, blood 
(after centrifugalisation), or cerebrospinal fluid, or in combinations of 
these. In the remaining nine, the diagnosis was confirmed by a 
pathological increase in the cell content of the cerebrospinal fluid, no 
time being wasted in lengthy blood examinations, if this last criterion 
was forthcoming. 

Routine Procedure. Investigation, after gland puncture, com- 
menced with lumbar puncture. The patient was seated on a low 
stool with head bowed on the arms resting on a low table. In the 
first cases, when it was definitely desired to establish the presence of 
trypanosomes in the fluid, 10 c c. was withdrawn, but in later investi- 
gations, a few drops sufficed. The patient was then placed in bed, 
and after periods ranging from one to twenty-four hours, the first 
intravenous injection of tryparsamide was given. This was given in 
a solution made up with boiled rain water, of a concentration equal 
to 3 gm. in 10 c.c. 

A course of eight weekly injections was regarded as the normal, 
but in some cases this had to be varied on account of the development 
of visual disturbance, when both the dose and the frequency, or one 
of the two, was altered, according to the changes in visual acuity. 
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TkYfAMtAMtat IN 8UXPIMG SICXKBS8 


At iaterviUs vaiying from <Mie wedc to mventeen wedcs after the 
cud of the couTM the aecmid puncture was perftmned. Subsequent 
examinations will, it is hoped, ftmn the subject of a further report. 

ExamiiuitiM ef the Cer^espittai flwiif.— Examination, except in 
those cases in wUch 10 c.c. was withdrawn and trypanosomes lodced 
for after centiilugalisation, was ooDfined to a count of the cells present, 
ushig a Thoma-Zeiss ruled slide fitted with a coverslip so as to produce 
the ordinary layer of liquid of a depth of i’« mm. As the fluid was 
examined undiluted, and the count made by the | in. objective, after 
careful examinatum by the i in. objective so as to exclude the red 
blood corpuscles, the whole ruled area was vmble in the field, and 
multif^cadtHi of the number of cells counted in the ruled area by 10 
gave the number per cuMc millimetre. Two counts only were made, 
as a rule, in spedmens showing a marked inaease, but in specimens 
where cells were scanty, careful comparison of the density of cells in 
neighbouring fields was made in addition so as to ensure greater 
accuracy. 

I fuUy agree with the value of the cell count as a safe guide to the 
d^ree of nervous involvement of the patient, as has been universally 
accepted after the researches of Broden and Rodhain.* 

The presence of laig;e mononuclears and the degenerate so-called 
“mulberry” cells, was noted in practically all cases, but no q>ecial 
record of them was made. The presence also of trypanosomes in the 
fluid is of little consequence, and probably as variable as it is in the 
blood. 

An average of not more than one cell in two fields (ruled areas) was 
considered normal, t.e. 5 per c.mm. 

ResnUt . — ^These are given in the Tables 1., II., and III., with brief 
dinical notes on each case following. Table I. contains the record of 
twenty-four cases who had received no previous treatment with any 
drug. Table II. shows (with all too many gaps) the results in ten 
paliebts who had already received varying amounts of atoxyl, soamin, 
tartar emetic or stibenyl or combinations thereof, without any great 
or permanent benefit. Table III. is a record of rix cases treated 
first by the intrathecal serum method, lately advocated .by Marshall 
and Vasaalo in Uganda. All these cases relapsed, and the effects oi 
tiyparsamide <m the four who survived is shown. 
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Brief Clinical Ncjtes on Previously Untreated C'ases in Table I. 

No 40. Ekeka. M., 20. Spastic, sleepy, quarrelsome. 

rrfo/wfff/.— Weekly intravenous 3 gm doses. Well borne. 
Z>»c/kirged.— Rational, well nourished and active. 

Progress . — Eleven months after, white colleague reported that he was 
at work and in splendid health. 
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HRYPASSAMIDB IN SLEEPING SICKNESS 


No. 44. AiifoLi. M.,20. ^tastic, ncatal torpor. 

TVio/nkii/.-— W eekly iatnveoous 3 ftn. doMt. Weil borne. 

ZMirAorfed.— In escellent condition. 

iVofr«j.— Eleven month* alter, reported to be doing his utuel work, 
•sd quite fit. 

No. 45. Likumo. M., 18. Drowsy and mentally unstable. 

TmUment . — Weekly intravenous 3 gm. doses. Well borne. 

Diuhatpd.—ln ncellent cratdition. 

TVofeess.—Two months later, lumbar puncture normal. Eight 
months after treatment, seen in good health. 

No. 72. Sahunrme. M., 40. Spastic, marked tremors, very thin. 

ffeatMeiN.— Weekly intravenous 3 gm. doses Well borne. 

jDucAoried.— Still slightly qiastir, but better nourished and in fair 
physical condition. 

/*ragfesi.— Five weeks later, lumbar puncture nornud. Eleven 
months after discharge, reported to be in good health 
and doing bis work. 

No. 73. Yaofolo. M., 18. Emaciated, sleepy. 

rreo/aieiil.— Weekly intravenous 3 gm doses. Well borne. 

DucAuirfeif.-'Well nourished and mentally alert. 

Progress.— Four weeks after, lumbar puncture normal. Nine months 
after treatment, reported to be in good health and at 
his work. 

No. 113. Yaolongok). F., 35. Emaciated, mentally unstable. 

TVeo/Meiil.— Weekly intravenous 3 gm. doses. One of l.S gm. 

Z7uritor|«f.->-In excellent condition. 

Progrm.— Six months later, apparently in excellent health and 
refused lumbar puncture “because she was so.” 

No. 115. Bdcmge. M.,35. Sleepy, fustic and quarrelsome. 

rrM/men/.—Bi-wedtly intravenous 3 gm. doses. Serious visual im- 
pairment after fourth dose. 

DurAorgid.— Almost blind, but physically and mentally very much 
improved. 

/Vogms.— Improvement well maintained, but right no better nine 
months after. 
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No, 131, Kanyono F , 40, SIcqjy, cmadatcd, vcr> wrvrre rwictkm nftfr fimt 
lumbar puncturv, probably due to hrmonrha^ from mcmbraoeH« 
delayed treatment, 

Treaimeni- -Weekly intravenous 3 ffm. doses, but not regularly. 
Disck4Mrged,--ln very good condition. 

Five months later was ap{>arently in excellent health and 
had put on weight. Refused lumbar puncture, 

No. 136. Bekanda F., 25. .SIcepv and spastic. 

rreo/meii/. -Weekly intravenous 2 gm. doses. Some visual dis- 
turbance. 

Discharged, \>ry much Improved. For further treatment. 

No. 138. Afecha, M., 14. Marked cephalgia, drowsy and thin. 

TrecUmeni, — Weekly intravenous 1 gm doses. Well borne. 
Disihargfd -In excellent condition. 

Progress —Six months after, reported to be at work in a brickvard 
and in good health. 

No. 139. Vaongonda. F.. 30. \>ry thin and drowsy. 

TreaifHtnL’- Weekly intravenous 3 gm. dosc^. Well borne. 
Discharged.- Three months’ pregnant and in excellent health. 
/*rcgrr5r.— Six months after, delivered of a healthy child and ap- 
parently quite fit. 

No 146. Mbalika. M , 40. Very spastic, unable to walk, covered with sores 
and sleepy. 

Treatment ~ At first regular 3 gm. doses, later varied on account of 
visual imfmirment. 

Disrharged — Still spastic, but walks well. Mental torpor very slight. 
Progress.- - Reported to have continued to improve and is still active. 

No. ISO. Wayifetc. M., 40, Spastic, mental torpor, emaciated. 

Treatment, - Dosage varied owing to visual changes 
Discharged.— Much improved, but visual acuity diminished. 
Progress,— Pox further treatment. 

No. 154. Ambale. M., 50. Marited cephalgia, spastic. 

Treatment,— Weekly intravenous doset— 2 or 3 gm.— rather irregular 
attendance, slight visual disturbance. 

Discharged , headaches still. Cieneral condition good. Treat- 
ment to be continued. 
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No 163. Litofct. M., 40. Spoartk* aiid dull menially. 

7infaaiNf«il.^Wadkiy (ntraveuoui 3 fm. dotes. Well borne. 
/MfrAar|«d.--Canditioii very good 

No. 165. Boagiiida. F., 25. Severe cejphalgia, mental instability. 

TVeoifPieiil.— -Weekly intravenous 2 gm. doses. Well borne, 
IMirAoriad.— -In eacellent condition. 

FfOfrm.— Three months later is still in excellent health. 

No. 170. Yaiya. F., 40. Very emaciated and sleepy, very severe reaction after 
first lumbar puncture. 

Tfeo/ineiff«**-^Varied dosage and irregular owing to visual impairment. 

nourished and more rational, but still spastic, and 
with impaired vision. For further treatment. 

No 171. Baliatiko. F.. 18. Very excitable, tremors marked, 

rreo/sseji/.-— Weekly intravenous doses, varying from I to 2 gm., 
irregular attendance. 

Discharged.’- In good general condition, but with persistent headache 
after last lumlmr puncture. 

No. 173. Lomiya. F., 7. Very sleepy, thin and spastic, 
rrfoftpim/.-- Weekly intramuscular 1 gm. doses 
Discharged. --YtLl and playful. 

No. 174. Selenga. F., 20, Sleepy, emaciated, tremors, 

rrfobwffff.-— Weekly intravenous 2 gm. doses. Well borne. 
Discharged, -(^ondition excellent 

No. 199. Bokuwa. M,, 40. Mental torpor, spastic and thin. 

rfvu/i»fiii/.--*Weekly intravenous 3 or 2 gm. doses. Well borne. 
Discharged. ’--In excellent condition. 

No. 203. Bochesa M., 25 Severe cephalgia, sleepy and thin, 

rreo/wcifA— Weekly intravenous 3 gm doses, until visual impair- 
ment contraindicated. 

Discharged . — Much improved phy’sically, but sight poor. 

No, 208. Kondola. M., 30. Spastic, mentally unstable. 

Treatment. — Weekly doses of 3 gm. intravenously. Well borne. 
Discharged.— rhysiai conditiott very good, mental instability remains. 

No. 212. Nyoloto. M., 30. Severe cephgtflii, ibepy. 

rmibani/.— Weekly intraveiHHis 3 gm. doses. Well borne, 
--Condition excellent. 
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SvMiiASY or Resvits is Table 1. 

Cose No. t73, Lomiya, a little girl, is included (although I had not 
the heart to inflict a lumbar puncture on her), for the reason that the 
dinical improvement in her case was particularly striking. Out of 
the other twenty-three cases— 

Fourteen showed cell counts of the cerebrospinal fluid aithin 
the normal limits in periods varying from one to nine weeks after 
cessation of treatment. The cell content before treatment in the 
twelve recorded cases varied from 150 to 2,000 per c.mm., and in 
four cases trypanosomes were found. PhysicsJ and mental im- 
provement was in every case in keeping with these results, and 
was maintained, so as to give no clinical reason for further treat- 
ment for periods varying between one and eleven months. All 
these patients were able to support a full course without undue 
delay or irregularity of dosage owing to visual changes, which 
were absent in all but one, No. 146. 

Two cases, Nos. 40 and 163, were discharged after full courses 
of treatment, well borne, with 10 cells i>cr c.mm., and the former 
was known to be in excellent health eleven months later, while 
the latter was but lately discharged, and in very good condition. 

One case, No. 131, was discharged with a cell count of .*>0, and 
increased pressure, but was still in excellent health five months 
after. Dosage was irregular, owing to a very severe reaction and 
subsequent headaches after the first lumbar puncture. The 
failure to reduce the count completely may be due in part to a 
reaction after the haemorrhage, which was evident at the time 
of puncture. Two cases, Nos. 115 and 203, were unable to re- 
ceive a full course, owing to serious diminution in visual acuity 
in the first case, in which two injections a week of 3 grammes ha<l 
been employed for two weeks, and to less serious trouble in the 
second case, who was receiving the ordinary weekly 3 gramme 
dose. Both, however, were markedly improved, and the former 
was observed for nine months. 

Four cases, Nos. 136, 150, 154 and 170, lilte the above, were 
unable to support regular and full dosage for fear of permanent 
damage to the <^tic nerve, and treatment was prolonged. Tliey 
are all to receive further treatment, if possible. 
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It is evident from a study of these results that, if the maximum dose 
of tr3rparsamide which can be tolerated be given regularly and in 
sufficient quantity to patients who are in even the last stages of the 
disease, there Is every chance of reducing the cell count of the cerebro- 
spinal fluid to normal, and of removing, at any rate for a time, all 
symptoms with the exception of those due to the permanent damage 
sustained by the central nervous or other systems 
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Bust 

No. 2. 


No. 14. 


No. 16. 


No. 20. 


No 21 


No. 26. 


No. 31. 


CuNiCAi Notes on PiKvioimY Treated Ca^^es in T.iBtE II. 

F , 14. Previom treatment had left her with slight vbuai 
impairment, with cephalgia and emaciation. 

Treatment — Weekly intravenous 2 gm. doses. Well borne, 
Disikarged.—V^i and haj)i>y, and making gixxi progress in school. 
Process mtuiths after, condition maintainetl, growing well 

Like. F., 25, Privious and in.Huflicient treatment left her with se\"ere 
cephalgia and emadaletl. 

rfeo/m< —Improvement maiketl and rapid on tomm nciug try- 
parsamide. (Treatment in i>rogrt*ss ) 

Mama. F, 10. Previous treatment had not alleviated sxmptoms of 
letharg>’. tremors or mental instabilitx. 

Treatment — Weekly intramuscular 1 gm doses. 

Discharged Fat, alert ami phybitally fit 

Progress - I'w'o monihsS after, condition rcmainal gcHKi. 

Bolamlia. M , 30 IVo months after jirt vious treatment he was still 
silastic, lethargic and thin 

Treatment — Weekly intravenous 3 gm dost's Well liorne. 
Dtukarged \'ery marked improvement, not slwpv 
Progress ~ Eleven months later, n'porlcd to be in good health and 
doing his work 

Itilokoka. 1* , 25 \\ as still sleepy after her course of atoxyl. 

Treatment Weekly intravenous 3 gm doses Welllxime. 
Discharged - \'rry marked improvement, not sleepy. 

Progress - Ten months later, reported to Ik* in good health. 

Basur F , 20 Returned four months after an insufTicient course of 
atoxyl, thin, sjiastic anil mentally unstable. 

Treatment- Weekly intravenous 3 gm. doses at irregular intervals. 
\\ ell borne 

Discharged — Fat, rational and alert. 

Progress — Five months after, condition still g<x)d. 

Bessiko. F., 30. Visual symptoms dcv<lo|jed after two 1 gm. doses 
of atoxyi; spastic and mentally unstable 
Treatment , — Doses between 1 ami 2 gm intravenously, cautiously, at 
weekly intervals. 

Z>MrAarg«f.— Vision no worse, physical condition vastly improved. 
Still spastic. 

Twelve months after gave Wrth to a healthy child. 
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Ko. 34. Yatumbo. M., 30. Three mooths after full atiuyl ooune ntiased 
drowey and nentally dull, thoujdi *tiii well aourtdwd. 

rrM/ment.—2 and 3 gm. doees at irregular intervals. 

ZHirSiirisd.— Alert and fit, but lightly unstable mentally. 

No. 152. Likunda. F., 16, Course of atosyl had very little effect, still poorly 
nourished and spastic 

TVeo/meti/.— Irregular injections of 2 gm. intravenously. 

Diickarged • --('omlilion verj good, fatter and active. 

No im. Bondombe. M., .15. 'Fhe 2.1 gm. of stibenyl made little (fffference to 
hu general con<lition. nor to the blood count, nor to the number of 
larvae of FUaria loa in the peripheral drrulaUon. 

Tfcotiaea/.— Weekly dose of 2 gm intravenously. Well borne. 

Disthartfd.— ln very goo<i condition. 

SiritllARY OF RESUtTS IK TaBLE II. 

Information as to the cerebrospinal fluid i.s unfortunately scanty in 
this .series of cjuscs. They were not cases chosen from the start for 
s[>ecial observation, with the exception of No. 154, and, although 
lumbar punctures were jicnnitted before commencing treatment with 
tryparsamide in eight out of ten cases, examination after treatment, 
ft>r one reas<»n and un«>ther, only furnishes data in six cases. 

It may be said, however, that the clinic.al improvement was scarcely 
lesw striking; especially is this so in the case of No. 31, who undoubt- 
etlly had a sev’cre infection of the nervous system, but two months 
after treatment with tryparsamide showed a normal fluid, and a year 
after gave birth to a healthy child. 

The question of the formation of an arsenic resistant strain of 
parasite, by prolonged administration of drugs which are not suffi- 
ciently toxic to the tiy])anosomcs in the nervous system, is un- 
doubtedly supiKjrted by these cases, although tryparsamide is able, 
a]>(Htrcntly, to act in its trypanocidal rble in spite of this resistance. 

It is probable that a gCKxl percentage of these cases will relapse, 
and that will confirm the conclusions drawn from Table I., as to the 
desirabih'ty of rapid and maximum dosage treatment. 

As might have been expected, Case 154, who ha<l received 2,1 
gramme of stibenyl and no arsenic previously, was discharged after a 
full course with a normal fluid. 
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TABtK 111. 
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Brief Cunical Notes <>n (’asfs Treated hy IsruAmrcAi Sfrcii in Table III 

No. 78. Liasa F , 25 ( ondition obviou5l> aggravatc-il hy the intrathecal 

treatment 

Treatment —Commented ten ^ceks after, urckiv intravenous 2 gm. 
doses Well fx)me. Rapid improvement 

DtaciSrorged.— Fat and strong, and doing her work. 

Process , — Five months later seen in cicellent b<‘alth 

No. 83. BokoUmbuli M , 15 Was originally an early case, and remained 
fairly fit for eight or nine months after intrathecal therapy. Re* 
examined deven months later and found to have serious involve* 
ment of central nervous s>stem 

Treo/Bieiff.— W’as receiving 2 gm intravenously per week, and had 
already rapidly improved, was cheerful and worked bard 
on the station where he was employed 
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No. 94. IxiMf. F., 16. Twonondvaller tmtamit wm very much irarM, but 
•Urtfld to taimive aieBtoUy ood phydolly when ibe out « vi^t 
deotli «t the huidt of her vjllaier* for heviiic amt for tieotment 
to the vddte nuui (rie). 

No. Ml. Bohitownyde. M., IS. Wm nude lo much wotm, thet efter a seomd 
lumbar puncture be flatly refused treatment and died shortly after. 

No. 102. Loila. F., 30. Was obviously worse after two months with poutive 
gland puncture, and increased nervous involvement. 
rreofmeM/.— Intramuscular doses of 2 or 3 gm., and intravenous. 

Abscess of thigh muscles soon healed, after evacuation. 
ihukarged. — W'ith slight visual impairment, but condition very good. 
/Vogrrri.—Sis months later she was in excdlrnt health. 

No. 107. Medassi. F., 40. She reported again in sis weeks on account of head- 
aches. Was found to be worse, 
rreofown/.— Weekly dose of 3 gm. intravenously. Well borne. 
Discharged.— Appuently quite fit. 

Pregress.—Fivt rntmths later, seen in good health. 

SVMUASY OF RF.SULTS IN TaBLE III. 

These results show that, with the author’s technique, this treatment 
docs considerably more harm than good. The clinical improvement 
on the adoptiim of tryparsamidc was verj' striking, and the four 
surviving patients arc among those who promise to give the most 
satisfactory results 

Soke Observations on the Actio.v of TRYPAitSAifiDE. 

These resiUts can be intcqtreted as bringing out the following 
points which are worthy of note. Firstly, that the action of this 
drug is superior to that of atoxyl in dealing with human tiypano- 
somiasts. This is what mi^t be expected from a consideration of the 
dosage which it is safe to administer, Dr. Pearce having given no less 
than 8 gianunes of tryparsamide to a full-sized healriiy adult in a 
aingib dose, whereas it is vtsy unwise to exceed 1.2S gramme of ato^ 
at a sitti^ administration. Secondly, that the action of this drug 
is gradual, and tb«e seems to be a minimum total dosage, which 
is sufficient to render normal the cerebroq>inal fluid, of about 20 
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grammes in the avcraRr-sixiNl ami wdl-nourishtHl patient. Cast* 165 
in Tabic 1, illustrates well the proRn*ssive improvement in the aTchro* 
spina! Ilui<l, having been rcnluieil from a content of 426 cells ami 
tr\']>am>somes to S6 cells after the administration of 18 grammes, 
and later to a m»rmal count after 8 grammes more ha<i been gi>en. 
This is in keeping with clinical imprcjvement, which, although very 
marked after the tirst lew dosi*s, continue^, as a rule, throughout the 
whole course 

>ucc esslul treatment s(rms to depend on maintaining the maximum 
safe concentration of the drug in the system for a peri<»d ol six weeks 
to two months It seem'', therefore, imj>os.sible to escape the coil' 
elusion that the acliw* trjTianoh tic constituent ol t ryparsamide jinds 
its way into the central nervous svstc’in I have no new evidi^nce 
in support of this view ol a much discussed problem, excejit that 
I)r l^earce tells us that some w'<»rkers in America, who were ln*ating 
sv^diilis with irv^iarsamide, wctc^ able to demonstrate ni’arly as much 
arsenic in the cerc4>ros])uiai tlunl altc-r a few hours as w'as circulating 
in the blood From animal c‘xperiments, conducted by Dr. IVarce, 
overdose with trvparsamide was shown to produce* pathological 
conditions in the tentral nervous s\stem. special mention being made 
of meningeal haniorrhages, incrcMsed tensicui in the cerebrospinal 
Huid, and definite degeneration in the cells cd the choroid plexus, all 
suggc'^ting the* |>t)ssil>ihty ol their pcmetralion by the drug 

Adams*’ of (da^^gow, n*i)orts very simil.ir imjirovenu'iit in the* 
abnormality of the c c*rc l)rosj»inal fluid in tabes by the- rc*peatc*d and 
long administration of nov.iis<*nolH‘n/ol, l>v the intravenous route 
only, and ad(lu(t‘s a cerlam amount of e\idi*iue to j)rove that there 
is delinile penetration 

1 his point is immaterial, however, in connc^ction with this paper, 
and 1 am not cjualilied U\ (*nter seriously into any discussion over 
the (juestion 

(iKNhKVL (’<)\( M SICAS. 

These are based on the intravenous administration of trvTiarsamide, 
although there is good reason to believe* that the intramuscular route 
is nut less elluacious. 

<1) The maximum tolerated dose tw'hich should not exceed 4 
grammes j)er w'eek for the full-sized adult;, if given regularly for a 
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j>eritKi of aJxmt dght weeks. Is oa])abie of comi>lete!y remoxing tsy- 
|)an<»!iomes from, an(J rendering within the normal, the cell lontenl of 
the terebro!!|»inal fluid of even the mwt advan<e<! cases. 

12) This change in the icrebrt»}.|:inal flui«i is accompanitsi pari 
pasiu by a verj’ rnarke*! clinital imiirovement, whi«h has so far been 
obsrrxed to have farn fully maintained for iHTitnls not excetsling 
eleven months, the longest time whi» h has elapsed up to date since 
treatment. 

i.i» It is possible to estimate the maximum tolerate*! weekly dosc 
fr*im a (un.si*lerution <if tlu* clinical condition and cell content of 
the cerebrospinal fluid of the patient, s<» that these result .s can be 
obtained without danger ol produc ing any .ipprei ialile dc'gree of visual 
disturbance. 

(4) Improvement is hardly le.ss marked in cases which have pred- 
ously resisted treatment bv other arsenical drugs. 

(51 The intravenous methcHl of administration is superior to that 
of intrathecal scTum therapy. 

t'Hf.Monn KM’i nic vi. Co.ssiin k.mion.s. 

I am not acciuainted with any hlerature on this subject, and am 
indebted to iJr Nien-nstein for his kindness in pointing out the 
]irobable ex]>lanation of the action ol trvparsamide 

Tr>T>arsaniide *litTc*rs from ateexyl, lirstly in the fa* 1 that the arsenic 
is held in pentaxalent combination instc'ad of in the less stable triva- 
Icnt form, and .secondly th.it it contains the gl>i'ine grouj). 

Moore, NicTcnstein and 'rodd* came to the conclusion that the free 
NHt grou]> was the* active trypanocidal radicle in atoxjl and allied 
tom]H)uncis. and the> callcHl it the “trypanojihube" group. 

Now' the lack of a free N’H; group in tryjiarsamide ])robably ac- 
counts for its lessened toxicity, but as it may be hydrolyscsl in the 
organism, this group is set free and exerts its toxic action by combin- 
ing with the prolophusm ol the para.sites. 

A secontl consideration is suggested by the fact that try^iarsamidc 
contains the gheine group. N’H-C'HA'O. Now this glycine group 
was found by \\ endelstadt to Ik* a constituent of the only drug wliich 
was capable of exerting any action on T. Irxhi in rats. 
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THE TREATMENT OF MAL DE CADERAS WITH 
TRYPARSAMn)E.*t 

Bv WILSON G. SintUE, M.D.. 

554> PauU, Broait, Semer Field Direchr, JnUrmHeml Bealik Beard, 

Mol dt eaderas is the biggest economic problem of the whole vest 
Paraguay Valley. The disease entered ^e valley from the north 
and spread slowly down the Paraguay River. Beginning mewe than 
fifty years ago, it extended the area of its ravages down through the 
great state of Matto Grosso, up to and beyond the Bolivian Ixvdec, 
and on down the river to Paraguay and the Argentine. The disease 
became mzootic and has caused tremendous losses every year. In 
Matto Grosso alone, thousands of horses die annually from the 
disease, the animals being lost just at the seasem when they have 
become well trained and are most urgently needed in the catching 
of the wild cattle. Some the larger ranches lose almmit all their 
horses each year, sometimes 200 car more, and the smallo: ranches, 
though s(»netimes escaping the plague for a year or two, eventually 
have their entire herds wiped out by the disease. 

The disease is caused by a trypanosome, discovered and described 
by Elmassian* and named Trypanosoma equinum. Horses are es* 
I)ecially susce]>tib]e to this pararite. In all my travds, I found no 
authentic case in which a horse that had once dcvdqied cbaracterisUc 
s}miptoms of paresis, subsequently recovered. Mules are less sus* 
ceptible; the disease is more prolonged and cases of recovery are 
not uncommon. The common labevatory animals are easily infected 
with Trypanosoma equinum and usually the infection terminates 
fatally. Brasilian scientists b^eve that the disease is transmitted 
by (me of the biting flies, Lepidoselaga lepidota, a tabaaid, cmamonly 
cdled “matuca" by the natives. Migone,* of Paraguay, noted 
extensive epieootics among a type of large rodent called the **capivaia” 

*Fram the Studies of the Instituto de Hygiene, Sio Paulo, Bnull. 

tThe work reported in this paper represents an extensian of the diemo* 
ther^Mutk investigations carried out in The Korke f dk r Instate hr Mtttkal 
Research. The drug used for the work was supplied by the bstitiite. 
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■kag the water oounes. He (Swerved that the aaimato dierwed a 
vary ctnioua type o( pamk and readfly demonstrated Tt. egaifiwn 
fai tine blood of the infoctod inbiud. 

Many different drugs have been used in the treatment of the 
diseaae without marked benefidai results. Migone* has recently 
fC{Kirted encouraging results with Bayer “205/’ the formula for 
which has not been given. Randunen on the Upper Paraguay, 
however, have used this drug to some extent but find it quite toadc 
in effective doses (5 grains intravoioualy).* 

Hm Rodedeiler Institute for Medical Research has been engaged 
igMn a dsBmotherapeutic investigatirm of the treatment of trypano- 
some and spirochete infections for several years, and among the 
drugs made and studied was one which possessed a marked ther^>eutic 
action in experimental trypanosomiasis. This drug, the s^ium 
salt of N-phenylglydneamide-p-arsonic add, was first made in 1916 
by jaedw and Hdddberger* and has since been named byparsamide. 
lie toxicdogic and therapeutic studies were carried out by Brown 
and Pearce.* They treated various qsedes of labm'atory animals 
infected with a number of trypanosomes, as for example, the causal 
agent of sleeping ddeness in human bangs, of dourine, of nagana, 
of surra, and also of mol de caderas. The therapeutic effects obtained 
with tryparsamide in these experimental infections and the results 
of the toadcoloj^c investigations were such that a trial of the drug in 
human trypanosomiasis (Africm sleeping sickness) was desirable. 
Hie first employment of the drug was made in 19Q0 by Pearce* of 
Tlie Rockefeller Institute, in patients suffering from this disease in 
the western part of the Belgian C<mgo. The prdiminary results 
obtained were oicouiaging and at the present time the dnig is being 
used by a number physicians in Africa. In addition, it has been 
sent to government officials in South Africa and India for therapeutic 
trials in nagana and surra of domestic animals. 

In the course of the investigations of Brown and Pearce, it was 
noted that tryparsamkk was an effia'oit thonpeutic agent in the 
infections produced by the trypanoscune of mol de caderas. In view 
of these renitts, the Instituto de Hygiene of Sfto Paulo, Brazfl, became 
interested in the subject and procured some tryparsamide from Hie 
Rockefeller Institate. Dr. Nova Gomes,* one of the volunteer 
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stulT memlHTH of the Inslilato, rejuMteJ tlu* therapeulii experi* 
mcnts of Hr(»wn and IVarto. imHuUtin^ raldjilN wilh an Argentine 
strain ot Tr and alter the ^miinals were markedly atlivled, 

treating them vvith tryparsamide I he result^ obtained were w'h<»ily 
salisfa«lor\ in instaiue^ in whhh the treatment wa'^ instituted 

beiore the «mimals lK‘<ame extremely ill and pn^strattsb 
'I'he Brazilian l,and an<l (\tttle ('ompan\ hearing of tryparsamide, 
kirulh united me to Usi' the drug at iherr vast (atlle ramh at Des 
(aUados Matin (jn»sso on tlu upper reat hes ol the Baraguav River, 
where ttuil dt tdiUras is endernii in its s<'\erest torm I aulitiv's for 
travel a^ ros^ wtsUTn Bra/i! are meager ami the vovage up the I'ara- 
guav Kivir to the 1 )es( 4ilv adns Ramh n a slow <imi h.ipha/ard pnn • 



I lo 1 Hum horsts nIujw tlu .idv nut il stagt s of mill dt mdtfii\ doMtptng 

hiinl ivprtssjon ^^\^\!^gg.^t m.irkid anaemia und mnrk((l loss 

oi vu i^ht 1 rviMOosornt s an \iiv si.nUv lo (hi hhuxl 


Css Jhus it was ]>ossjb!c to studv the elfe< t of single doses of 
trvparsamide adminisirTed to a few cases ol the disease at widely 
ditTerent enloned stopping places in the course ol the voyage. One 
of these was at the Miranda Kstamia tnd another at the iNrrt of 
Ooruinba 

'Ilu diagnostic jiroiedure emploved to determine the presence of 
Ir (quinum wa> as follows 5 <* oi blood were withdrawn from the 
jugular vein into a (enlrifuge tube containing a small amount of 
2* ( sodium citrate solution Ihe blood was ( entrifugi^d in a hand 
centrifuge at high sperd for three minute's, when the blcHid serum 
became clear and the layer of white coqmsdes w^as clearly delinecj 
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Three ttr four (lro(» of serum were withdrawn with a capillar>’ pipette 
from the level of the layer of white blood corpuscles, transferred to 
a slide, covered with a cover-giass and examined immediately for 
I>arasites. Two preparations were ma<le from each tube of blood 
and each specimen was searched for une-haif hour liefore it was 
discarded as negative. The temperature of the air during the day 
varied from 90® to 100® F. so that we were working with almost a 
"warm stage” prqiaration. 1'he tryj)anosomes, when present, 
were easily seen because (d their active motility and high refractility 
and they remaine<l actively motile in the citrated bUnxl for many 
hours. 

Single doM'.s tmly of 5.0 gram.s of tr) 7 )arsami<le were administered 
at the Miranda Kstanda an<l at ('orumba. The drug was dissolved 
in 20.0 IT. <»f normal saline and a<lmini>>(ereil intravenou.siy. 

STIDIES AT MIKANUA tSTX.N'CIA. 

Miranda Kstanda is at the junition of the Miranda and Paraguay 
kivers. in Brazil. 'I'his ranch has long luTn invadwl bj’ mal dr 
radrras, losing [>rttctically all il.s h(»rses eath year, and usually nc<.e.s- 
sitating the annual purchase' of 150 new horses. The disease had 
not aimmenced at the time of our visit March. 1922. Eighteen 
of the horses of the home ninc h w»*re ex.imined, as our time was 
limited. .All scTmed healthy and were actively at work. 'I'hirteen 
of the eightiTn horses examined were considered as negative. Their 
temperatures (taken |K*r rectum) were normal, ranging from W.5^ 
to 101' K. and no para.sites were foumi in the circulating IiIocmI. 
Horsts Nos. 15 and 17 had temperatures of 102.4® and 102,1® re- 
sjHTtively. but blocHl examination yielded negative results. 10 cc 
of dtrattHl blotxl were withdrawn from the vein of each horse and 
injected intrajKTitoneally into two young dogs. Six weeks later 
tht'se dogs were found to lx* negative. 

Hor.se No. 1 seemetl in gtxMl condition, but had a temix-rature of 
KM® F. and the bhxxl was swarming with lr>'panosomes, there being 
ten or fifteen in every microscopic field. This horse was treated at 
4 p. m. with 5.0 grams of tryj>arsamide. given intravenously in 20.0 
re. normal salt solution. At 9 a. m. the following morning, 17 hours 
after treatment, the blood showed a verj' few trjpanosomes. They 
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were veiy much less active than those seen the previous day. Many 
masses of t^>^)anosomes were aRglomeraled and moving feebly. 
Phagocj’iic cells were seen which contained ctmsiderabie numbers 
of tryj)anosi>mes in all stages of disintegration. 

Horse Xo. 9 had a temjHjralure of KM y' F. an<l .sh<»wed a blotxl 
picture similar to that of Horse Xo, 1, except that fewer ]>urasites 
were present. The horse was thin but active and at work. He 
was given 5.0 grams of trx'imrsamide intravenously at 4 p. m. 'Fhe 
following morning at 9 a. m. only one active li\'ing tryi>unosomc was 
found in the blood preparation. 

Horse No. l.t was one of eleven survivtirs that had come through 
the ei>iziM>lics of the previous year, in which over KK) hor.st*8 had 
been lost. 'I'he animal had never lK*en sick and had a normal tem- 
jwrature- KK) 1° F. Neverthelesn. *>n careful search, a few tr>']>ano- 
somes were found in its blcxxl. 'Phis ccise led us to suspect that the 
horse itself may be the most imiK>rtant carrier of the disease; the 
surviving horses which do not <levelop sympt«»ms and are consequently 
not shot, carrj' the parasite in their blood from .sca.son to seastm or 
from year to year. This horse was treated with 5.0 grams of try- 
parsami<le adnunistered intravenously at 4 p. m. 'I'he following 
morning no parasites were found in the bbaxl. 

A subsecjuent rei>ort from this ranch, four months later, stated 
the mul dr (<idrr<is struck the ranch alxcut two months after my vi.sit, 
destroying a large' number of horses Horse* No. 1 died of the clisease, 
but Horses Nos 9 and 1.1 clid not develop symi>totns. 

FA'PKRJMK.NTS VT C'ORl’MH.t. 

While waiting for the up-river launch at ('orumba, a j>c»rt on the 
Paraguay Rivc*r, a considerable numlxT of horsc's and mules were 
brought to us for examination. A certain j)roj>orti<»n of those ex- 
amined were found to be infected with 7>. equinum and may l)e di- 
vided into two groups -early and advanced cases. 

Grouj) A. Early Cases.- Fight horses and two mules were in the 
early stages of the disease Ihey were active and working daily, 
and the only symptomatic evidence of mal de cadcras in six was a 
gradual lo.ss of weight, despite a good appetite. All had an inter- 
mittent or continuems fever of one to three degr<*es F. but only two 
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were iM'frinning to show the oharaclcristic 8ymi)tom» of the disease, 
njunely. weakness and a {M-fuliar swaying of the hind quarters. All 
eight animals w'ere treahr*! with 5-gram doses of lr)q)arsamide, given 
intravenously. 

A re])ort one month later showe 1 that the two mules un<l four 
of the horses were active and well, one h«)rse had develo|Mrd marked 
symptoms anti had hern sh<»t, and thrive htirses which had shown some 
impr<»vemenf were again on the decline. 



l‘li. 2 H) routine examination, three ol thise horses were found iufeitcd 

with mill lit iitJiriti The hors«'' wire ailiveK at work and the onlv 
symptom was an inlermillent fever 'I'hese t'as»-s rcs|X)nded well 
to tr\ |s)rs.irnide 

(iroup H. Liik (’(Jin. .Nineteen horses showetl marked symp- 
toms of the disease. They were \ery thin and weak; some were 
almost unable tt) stand, and others were unable It) rise after they 
ha<l fallen .Mos! ol them had a high fexer. We noteil that the 
horses with high fever usually ha<l the largest numbers of parasites 
in their bl<HKl. In the last stages ot the disease the temperature 
falls to normal t>r subnormal and onl} a rare parasite is found in the 
circulating blood. 'I'hese «a.st's show marked paresis and at times, 
almost complete paraly.sis of the hind (juarters 

.Ml nineteen horse.s were given 5 (» grams of tryparsamule dis.sol\ed 
in 20 cc. ol normal salt solution and injected into the jugular vein. 
Faghteen hours later those horses that had had the largest number 
of parasites were re-examineil In some instances not a single living 




muoN 0. sous 


25 


paimrite was found, though enormous numbers had been seen on the 
previous day. In three of the cases, living parasites were still found 
but in greatly diminished numbers. In some instances the Uood 
jncture was striking, in that the parasites were agglomerated in 
great masses of fifteen to thirty organisms forming a slowly revolving, 
wrig^hig mass. The phagocytic cells ccmtained masses of parasites 
in various stages of disintegration. 

One month later we received a report of these horses. Eight of 
the nineteen had died, some of the most advanced cases dying only 
a day or two after treatment. Eight horses had improved greatly, 
seemed wdl and were working hard imder trying conditions. Three 
horses were in about the same condition as before. 

These preliminary experiments at Miranda Estanda and at Co- 
rumba showed that the administration of a single dose of 5.0 grams 
of tryparsamide rapidly reduced the number of parasites in Uie drcu- 
lating blood and in certain instances appeared to sterilize the blood, 
as far as could be determined by microscopic examination of centri- 
fuged specimens. In addition there was marked dinical improve- 
ment in some animals cs]>edally in the early stages of the disease. 
However, it was dear that a single dose of 5.0 grams was not a suffi- 
dent treatment to destroy all the trypanosomes in an infected animal 
and thus bring about a permanent arrest or a cure of the disease. 

EXPESnCENTS AT OESOALVADOS RANCH, PARAGUAY RIVER, 
BOUVIAN BORDER. 

Conditions at the Descalvados Ranch were most favorable for our 
fidd studies. The disease had swept the ranch every year, usually 
beginning about the end of February. In March, 1922, when we 
arrived, it had not yet begun to destroy the horses though it was 
expected dafly. 

One hundred and thirty-five horses were examined; 18 at the 
home ranch, 100 at Boa Vista Camp, and 17 at Josi Alexandtino. 
None of the horses showed dear-cut symptoms of paresis by means 
of which the ranchmen could diagnose the disease. It was sus- 
pected in some, for thty were getting thin despite good care, but 
none had yet shown the characteristic swayii^ of the hind quarters. 
Nevatbdess microscopic examination proved that 47 of these henrses 
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were infected. Twenty-eight of the group had increased tempera- 
tures and a oonsidetdUe number of parasites in the blood, lliese 
we believe were early and active cases of the disease. Some few had 
no fever, were in good conditiim and had only a very rare paraate 
in the blood. These I suspect were latent cases of the disease, for 
some of them ha<i been through two or three outbreaks without 
developing symptoms. 

Administrathn of Single Doses. -Tvo horses that had fever and 
were becoming thin, and in whose blood trypanosomes were found, 
were first 6.0 grams of tryparsamide intrawnously in 20.0 cc. 
normal saline. After 24 hours no para.sites were found in the blood. 
The temperatures of the horses promptly dropped to normal and 
remained there. Both horses improved rapidly. Seven days later 
one parasite was found in the blood of Horse DI. It was clear, 
therefore, that a single dose of 6.0 grams had not sterilized the blood 
of this infected horse. 

One grou|) of 10 horses was given a single dose of 8.0 grams of 
tr>’}>ar.samide intravenously. None showed the characteristic last- 
stage symptom of paresis, thought almost all w'cre becoming thin. 
Six horses had definite fever and showed considerable numbers of 
parasites in the circulating 1)1o<k1, while four had no fever and only 
a rare parasite could be found in the blixMl. All these horses began 
to Improve at once. Their temiieratures dri>pped abruptly to normal, 
and for 30 days they gainerl in weight and strength and seemed 
almost normal, with the exception of Horse which was found dead 
in the pasture. The owner believed that death was probably caused 
from snake-bite. 

We received a report, about three months later, stating that Horses 
A6 and A9 had rdapsed and were beginning to stagger. A second 
treatment of 8.0 grams of tr>parsamide was then administered to 
all the horses in this group, nine in number. An immediate improve- 
ment followed this treatment and at the last report, four months 
later, all the horses were wdl. 

These first ezpoiments with tryparsamide showed that single 
doses of 6.0 to 8.0 grams given intravenously to a 300-kilo horse 
did not pomanently sterilize the blood of the infected animal. On 
the othtf hand, the administration of single doses of the drug pro- 
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doced prompt and beneficial effects, such as the cessation of fever 
and a wdl marked physical improvement which lasted for several 
wedrs or months. Moreover, the re-treatment with a single dose 
of 8.0 grams was followed by a normal clinical condition for at least 
four months. The next step, therefore, in these preliminary thera- 
peutic trials was the administration of repeated doses. 

Administration of Repeated Doses.—ln order to determine the 
possible toxic effects of repeated large doses of tryparsami<le, a 
small horse (250 kilos), infected aith mal de eaderas, was given 8.0 
grams of tiyparsamide intravenously (0.032 gram ]>er kilo). No 
parasites could be found in the blood 24 hours later. Three days 
after the first treatment 12.0 grams (0.048 gram per kilo) were 
givoi intravenously. The am'mal showed no toxic or otlier ^rmptoms 
whatever, either immediately or later. In this connection mention 
should be made of the toxicologic experiments of Brown and Pcarcc.‘ 
They considered a single dose of 0.75 gram |)er kilo given intra- 
venoudy as a lethal dose for the rabbit, since an occasional animal 
succumbs to this amount. Large, sublethal doses, however, may 
be repeated at frequent intervals. The approximate lethal dose 
for the monkey is placed at not less than 1.0-1.25 grams ].>er kilo, 
administered intravenously, and they dtc one instance in which 
four doses were given in three weeks (0,75, 1.0, 1.25, 1.5). The 
monkey showed slight signs of intoxication, lasting for a few days, 
with subsequent recovery. Pearce* reports the intravenous adminis- 
tration, with no untoward effects, of three weekly doses of 7.0 grams 
to a man weighing 62.5 kilos (0..136 gram per kilo). A comparison 
of these doses indicates that larger doses than 12.0 grams could prob- 
ably be administered to 300-kilo horses without toxic manifestations. 

When the results of this experiment were obtained, 29 infected 
horses were treated with repeated doses according to the following 
plan. Twelve horses were given two doses of 8.0 grams of trypar- 
samide intravenously with an interval of 20 days. IVelve other 
horses were given two doses of 8.0 grams with an interval of 20 days; 
the first given intramuscularly and the second intravenously. Five 
infected horses were held as controls, separated from the treated 
horses and kept in a distant pasture. 
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AO the hones were about the same weight, approsimately 250 
to 300 kOoft. AH were in the eaify stages df the disease or were 
latent cases, aiu! showed trypanoaomes in the drcnlating blood in 
greater or teaser number. Some had considerable fevor but the 
majority had none <w a fever of an intomittent type. A few were 
thin, but none showed the characteristic paresis, and the ranch 
owner was astoniahed as (me after another of the apparently normal 
horses was found to be infected. 

Thirty-ail hours following treatment, all horses were re-examined, 
and although in every case a careful microscqnc search of centri- 
fuged blood was made, no parasites were found. Those horses 
wUch had been treated intramusculariy all had marked swdling and 
tenderness about the area of injection. This edema inaeased and 
at the end of 3 days the horses seemed quite ill with considerable 
fever— 103** to 104* F. — and would not eat. The conchtion entirely 
disappeared by the end of a week and there was no abscess fcwmation 
or sloughing. Pearce recummoids intramuscular injection with 
try{>arsamide in the treatment of deeping sickness in human beings, 
but our experience showed that the intravenous method is preferable 
in the treatment of horses. 

The treated hones were placed in an isolated pasture and left 
to the care of the ranch manager. Twenty days following the first 
treatment, the second treatment of 8.0 grams of tryparsamide was 
administered. Nome of the horses had developed symptoms, but 
the oontrdte bad all declined [lerceptibly. 

A report received at the end of 3 months stated that mai de caderas 
had broken out in the portion of the ranch herd that had not been 
examined or treated and some of the horses had died. Hie five 
ooatrols had all died. Hie 24 horses that had reedved two tieat- 
meoti of 8.0 grams (d tryparsamide were working activdy and had 
shown no symptoms of disease. 

A seemd report, 6 months later, and 9 months after treatment, 
stated that d» cadira$ had swqpt the surrounding ranches but 
that the 24 treated horses had remained well. 
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niSlTsslON. 

In ackliiioa to our ob^tTvations upon the value of tr>i>arsami(lc 
in the troalment of mal Je certain facts were notrj which 

we believe iiuiv have an important bearinjij uptui the epi/a)otology 
and prophyUtvis of the disease 

In the lirst jdace. the “matuca" which transmits the disease is 
prevalent during: only a short pericai November to February 
at Destalviuios At the time ot our voyajie in March and April 
there veere very few tc» be found alonj» the Paraf^uay River. It is 
probable that the fly is not an important fatt<»r as a carrier of the 
j)arasite, from season to season, but rather acts as a transmitter of 
the disease during the hot st'asem 



Fk> 3. Note Ihi jH)MtKin of the lIoiM- \<> 2 fetn Ic'gs an* cmMc .epart, 

ac tirt^ as props, then* is a partial [>ar tivsis of lK>th him! ]c*gs rhese c aM*s 
arc loo far lulvamctl to he cured h\ treatment vcith tr\ j>arsmiit!e 

Mi^one^ suggests iliat llu “capivara/' a large* rodent which is 
highly susce])tible to the jiarasite, may be an important reservoir 
of infec tion. But the *‘capivara*’ inhabits the margins of the large 
riviTs, whereas the horses are usually place**! several miles from the 
rivxrs in u])land jiasturcs. 

Our observ'atioiis suggest that tlie horse iistdf, and also the mule, 
which is less suscei)tible to the i)arasite, may be the chief latent 
sour(.es of infection for the herd 

To the ranchman, a horse has not lieen considere*! as infected with 
mal tie cadcras until definite and characteristic symptoms of paresis 
develop; then the animal is shot at once, iis it is recognised that a 
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fatal termination is inr\ liable Our exjH'riments emphasize the fart 
that there are two phases of the <lisease First, tfuTc j\ the phase 
of bhawl invasion In this sta^e the horse ap|>(*ars normal and works 
aOively He may have fever and IcAing weijj;ht, but the owner 
(an dele( t nom* of the t harai teristic symptoms of the disease Never- 
thelt^s the bhK»d may In* swarming with tr>^i>anosomes This is 
the stage in which there is hojn* of curing the animal and is iilso the 
stage whi<h is of greatest danger to the herd lunause of the danger 
of tranMnissii)n by the fly. 

'I'he late stage of the dis(»ase with the in\aMon ot the central 
nervous sxstcmi and its thurac teristic symptoms ot paresis is the one 
which is comntonly recc»gni/c*d as w<// de mdenis 1 his phase is not 
of great impc^rtancc*. either Irom the i)oint of \iew of treatment or 
prophylaxis K\en it the disease be checkcMl, the hoisi* or mult 
could prol)al>ly not regain its normal condition Moreo\t*r, these 
animals aie not so great a mcmace to the herd as they weie in the 
early stages i»l the dwMse since the parasites ha\i largely disaj) 
I>cMre<l Irom the circulating blood 

It is obvious that it the disease is to he l)rought under control, 
it must bc' diagnoscMl in the cMriy stage^' We must reiogni/c‘ that 
if one waits until one horse in the hc^rd develops ])atesis, it is more 
than prol>able that Iwenlv hcirses are alreadv in the eaily and highly 
infective stage's ol the disease 

kurtherm<»rc it is clear that the disiase mav i)e dormant in a herd 
of horses during sevcTal weeks or months when the horses are at 
[Kisture cltiring the idle season When the heavy work begins in the 
early tall the seveic* e\ertit»n will bring about a rapid decline and 
in a short time* ihv hors<* hec<»nu*s paiaivml and is shot 

In view ot thc'se tacts tccgetlur with the Results obtained In treat- 
ment ot the earlv stage‘s of th<' disease* with tryparsanucle. two plans 
of prophyhuis were pio|H>sed tor the ranches ot the Paraguay \ alley, 
which should pnne ot ]>ractual value in checking the extensive 
inroads made by fpuil J* mJeras eiich year. 

PLVX A. 

1, Moke a microscope blcHKl examination of all horses between 
DecemlKT 1 and Januarv 1 each year. Isolate all positive cases in 
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a dean, short-grass pasture. (The tabanid is most prevalent in 
thidt scrub.) 

2. Take the temperatures of all well horsn e\'ery two weda from 
January 1. All horses showing a temperature of 39® C. (102® F.) 
per rectum should have another blood examination, and all positive 
cases isolated and treated. The fortnightly taking of temperatures 
should continue with the well horses until April t. 

3. Immediately on making the diagnosis, treat alt positive cases 
with 8.0 to 10.0 grams of tryi>arsamide administered intravenously, 
repeating in two to three weeks. Three treatments of 8.0 to 10.0 
grams should probably be suOident. Horses under treatment should 
be isolated in a good {lasture and should do no work. All horses, 
both those that are negative and those that have been treate<l, may 
be put together and worked at the beginning of the season, about 
April 15. 

This procedure could be most satisfactorily carried out by a com- 
petent veterinarian who wouUl remain on the ranch from January 1 
to April 15. It would not be necessary for him to remain at the 
ranch during other sea.sons of the year. After one or two years, if 
found desirable, a personnel of young men might be trained in all 
the details of the examinations. They could then carry on the work, 
under competent supervison, at a much reduced cost. The most 
difficult feature of this plan, however, is the microscopic examination 
of the blood, which demands the skill of a trained technician, 

PLAN B. 

In cose it is not possible to make microscopic examinations, a less 
accurate but very practical method of prevention and eradication 
of the disease is as follows: 

1 . The rectal temperature of all horses should be taken by Decem- 
ber 15. Any horse with a temperature of 39® C. (102® F.) or over 
should be considered as suspicious; immediate isolation should be 
instituted and dally temperatures taken for five or six days in suc- 
cession. If the horse continues with a temperature of fwmj 39® to 
40® C., he should be considered as infected, and isdated and treated 
as in Plan A. 
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2. All hanet with temperatures of leas than 39° C. may be con- 
sidered negative, but should be examined every two weeks, as in 
Plan A, until about April 1. 

This alternative method is not scientifically accurate, but is a 
rough and ready index of infrcticm with Tr. equinum since 99C’<i of 
all fevers in the hcvses in Descalvados, between January 1 and April 1, 
are due to mal de cadtras. This alternative method would probably 
not give the satisfactory or the fwrmanent results that would un- 
doubtedly follow the adoption of some such proce<lure as is suggested 
in Plan A, but it is suggested because it can be carried out without 
a qjcdally trained personnel. 

In addition to the above method.s, directed .specitically tow'ard 
the treatment of infected animals, the following general measures 
should be carried out; 

1. New horses shouhl be* brought from cadera-free upland zones. 
Horses brought from the lowlands may be carriers, and one infected 
horse introduced into the herd is a jwtential menace to the whole 
trotJj). 

2. It is not necessary to carry out active and expensive destructive 
measures against infected rodents (“capivara”). 

3. It is highly advisable to kcqi well horses on high ground in 
clear, short -gross pastures during the rainy hot season, in order to 
keep them away from the transmitting biting fly (the “matuca”). 

4. It is not necessary to wa.ste kerosene and disinfectant in destroy- 
ing the dead IxKlies of infected horses, as has been the custom on 
many ranches. The parasite dies with the horse and the soil does 
not become infected with the disease. 

Since the disease is of a chronic type, it is necessary to continue 
observations with the drug, tr>']>arsamide, over a period of months 
or years. This paper is intended simply as a preliminary rqx>rt in 
order that interested persons may know of the results of our early 
eqreriments. 


SUliUARY. 

1. Single doses of tr>’parsamide of from 5.0 to 8.0 grams given in- 
travenously to horses and mules suffering with mal de caderas are 
fdlowed by a marked reduction of the parasites in the circulating 
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blood. In a number of instances no trypanosomes could be found 
within 24 hours after treatment. In addition, there was a prompt 
cessation of fever and a pronuunioii pliysical improvement. In 
general the effect of such a dose lasted from one to three months. 

2. The administration of two closes of 8.0 grams, sepnraletl by 
an inter\'al of three week.s, was highly effective. The 24 horses so 
treated remained well and active for nine muntlis while the five un- 
treated controls had all die<l during the first three months. 

3. No toxic symptoms or other evidence of constitutional injury 
were observed to follow the administration of try])arsamidc. On the 
contrary, pronounced general physical improvement was the rule. 

4. The treatment of animals in late stages of the disease offers only 
a jiroblematical measure of success, because of the marked involve- 
ment of the spinal cord, as evidenced by paralysis and also because 
of the poor physical condition of the animals. 

5. It is suggested that the horse and mule may be the most im}X)r- 
tant carriers of the disease and may serve as reservoirs of the infec- 
tion from season to season. 

6. Two i)lans of procedure for the treatment and possible eventual 
eradication of the disease in a herd arc suggestcni. 
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FACTORS CONCERNED IN THE PRODl’CTION OF LESIONS 
OF THE EYE IN EXPERIMENTAL S\THILIS.* 

By WADE H. BROWN, M D , ani» LOUISE PEARCE, M D. 

(From the Laboratories of The Rockefeller Institute for Metiual Research, Nrv i'ork.) 

Syj)hilis is a systemic disease due to a specific infection. It is 
characterized by an t»rderly development of lesions in various parts 
of the body and by more or less profound constitutional symptoms. 
It is now known that the infection becomes generalized almost from 
the time of entrance of spirochetes, still, neither symptoms nor 
lesions appear immediately. Moreover, if the infection progresses 
without interference, or if insuflicient treatment is given, there arc 
periods during which all outward manifestations of disease disai>{>ear 
and eventually a condition of so-called latency may 1)e established, 
in which the disease is not api>arent, and it is dilfirult to obtain any 
conclusive evidence of the continued existence of the infection. 

In like manner, it is known that individuals who acquire their 
infection before birth may harbor spirochetes for years with little or 
no evidence of disease, and it is equally certain that infection may 
exist from birth or even be acquired in later life without necessarily 
giving rise to any characteristic clinical manifestations of sy])hilis, 
either local or general. 

Viewed from another standi)oint, it may be saici that syi^hilis tends 
to pursue a definite course involving one system of organa alter 
another and theoretically, if the conditions were the same in all cases, 
there would be no deviation from this course. The results of infec- 
tion do vary, however, and it may be assumed that any deviation 
from the established course of events is referable to some cause. 

It is not until the existence of such conditions as these is realized 
that the necessity for a clearer understanding of the biology of syphi- 
litic infections is appreciated. It is extremely diflicult to study cause 
and effect in human syphilis and hence it is often difficult to arrive 

* Read at the Annual Meeting of the Medical Society of the State of New York 
at New York City, May 23, 1923. 
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at any conclusion as to conditions which favor or prevent the occur- 
rence of one form of disease or another. However, many of these 
problems can be studied to advantaj'e in laboratory animals. This is 
e^>edalty true of certain lesions of the eyes, such as keratitis and 
iritis, that are of relatively frequent occunence in rabbits inoculated 
with Trfpmtma pallidum. 

From a stu<ly of the experimental infection in these animals, it 
has been found that involvement of the eyes occupies a clearly de- 
fined iKxition in the evolution of disease; that there arc certain con- 
ditions that favor the development of eye lesions and others that 
tend to prevent their occurrence. Hence, in discussing factors that 
are concerned in the occurrence of theM? lesions, it is necessary that 
we have a general understanding of the biology of syjihilitic infections. 

The prime factors conceme<l in shaping the course of sy])hilitic 
infections are three in numln'r. The fir.st to be considered is the 
causative agent of the <li.seas<' the ability of the organism to grow 
and to resist the destructive agencies of the body, its affinity for or 
adaptation to growth in given ti.ssuc.s. its ability to reach given loca- 
tions in a viable condition, and finally the ability of the organism to 
inflict injury whether by direct action at the jilace of growth or by 
indirect action through the tax imjiosed upon the defensiie powers 
of the host. 

The second group of factors concerns the resistance of the host. 
Here we have to di.stinguish between threshold resistance and actual 
indhidual animal cajiacity The one has to do with the initial result 
of implantation, the other with the eventual outcome of the infection. 
In either case, one has to consider individual tissues and the organism 
as a whole, including adaptation to the growth of spirochetes, sus- 
cejitibility to injur>% the wnsitivencss of response, and the ability to 
react and to withstand injury. 

Finally, it should be recognized that the circumstances under which 
infection occurs or devel»>ps are in themselves of great moment. The 
number of infecting organisms, the \itality of the organism at the 
time of implantation, the portal and the mode of entry, and such 
ifipaiently remote influences as climatic or meteorological conditions 
have ail been shown to play important parts in determining the 
course of infection. 
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No fixed value can be assigned to any of these factors. Somjt of 
them tend to increase the severity of disease or predispose to the 
development of certain types of lesions, while others neutraUze these 
effects or tend to reduce all manifestations of disease to a minimum. 
It is perfectly obvious that a given result might be brought about in 
a variety of ways, hence, any attempt to establish causal relation- 
ships without due regard for all such elements as those enumerated 
is almost certain to lead to confusion. In fact, unless one is extremely 
cautious, he is apt to magnify the imixirtancc of that particular factor 
<tr group of factors to which he has given the greatest consideration. 

In the case of syphilis, more attention has been paid to the spi- 
rochete during recent years than to the host or to conditions that 
exercise their influence through the host. Thus, there has btvn a 
strong tendency to attribute clinical variations in the course of the 
disease to difTerences in the biological properties of spirochetes rather 
than to diffcrence.s in animal constitution or to the circumstances 
under which the infection was contraett'd. 

Nevertheless, the focusing of attention upon the causative agemt 
of .svidiilis has been productive of much good. It has led to a critical 
analysis of this factor in the csjuation and, in time, it will be poscsible 
to evaluate its importance in relation ti» othens. 

We cannot enter into a detailcsl discussiim of this phase of our 
subject, but it may be recallcsl that the conception of so-called 
‘‘strains” of syidiilitic virus is founded ujnm clinical observation and 
antc'datcs any knowledge of the causative agent of the disease. For 
the most part, the discus.sion of this .subject has ccmlercd about 
.sy}>hilis of the central nervous system but the conception is ccjUally 
applicable to disease of the eye.s. In fac t, the first exiierimental work 
was carried out in connection w'ith lesions of the eyc's and no stronger 
evidence in su]>{M>rt of the conception of selective aflinity has bc*en 
submitted than that first advanced by Nichols and (irecne and by 
Reasoner based upon the jiroduction of lesions of tlic eye grounds. 

It has been shown exiicrimentally that the eye is highly susceptible 
to inlectJon with Treponema pallidum. Lesions are readily produced 
by direct inoculation and are of relatively frequent cKCurrence as 
manifestations of a generalized infection. Moreover, tlie liability of 
the eye to involvement is greater than that of most tissues since it is 
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not protected to an equal extent by the general reaction that takes 
place in other parts of the body. 

On the other hand, there is no doubt that the particular s}^rochete 
concerned in certain infections may be regarded as a predi^x^g 
factor but why this tendency to the production of eye lesions should 
exist, it is dilhcult to say. Almost any recently isolated strain of 
Treponema paUidum tends to produce a considerable number of eye 
lesions, chiefly keratitis. However, it is certain that some organisms 
are more prone to the production of lesions of this class than are others 
and that there may be distinct difTcrenccs in the character and sev’crity 
of the lesions produced by organisms derived from various sources. 

Nevertheless, none of these properties appears to be attributable 
to fixed biological characteristics. With continued passage, the 
incidence and severity of eye lesions may increa.se or dimini.sh and 
both the character of the lesion and the time of its occurrence may 
be afTec'ted. Finally, with a given strain of pallidum, a change in 
one direction may be followed by a change in the opposite direction. 
The occurrence of such variations would sugge^st that the tenden«y 
displayed by certain organisms to the prcxluction of particular tyj^cs 
of lesions rq>rescntcd an expression of an existing state of balance 
between organism and host rather than an inherent predilection on 
the part of the organism. 

This interpretation is supjwrted by the fact that w’e have bt'cn 
able to show that all of the |)athogenic pro}>crties of a given strain of 
Treponema paUidum can In* modificKl to an extreme degree by merely 
vaiying the conditions of pa&sagc. For example, beginning with a 
strain of pallidum capable of prcxlucing a severe generalized disease 
(Nichol's Strain \), one line of transfers was maintained by making 
inoculations from animals with latent infections or from inactive or 
regressing lesions, while the regular stock transfers of the same strain 
were made from early or active lerions. At the end of two years, the 
pathogenic properties of these two substances were conqMured. The 
stock strain, having been passed under conditions which tended to 
give it an advantage over the animal, was still highly virulent and 
produced a severe generalized infection in a majority of the animals; 
while the other substrain, having been transferred under conditions 
which {daced it at a constant disadvantage, had lost a great part of 
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its virulence. The primary lesions were romparuUvely small and oi 
short duration and none of the animals developed generalised lesions 
other than a metastatic orchitis. 

This ex{>eriment shows clearly the limitations that surround the 
doctrine of strains. There is a great <leal of evidence to show that 
under a gi\en set of conditions and at a given time in the life history 
of an organism, the pro}K*rties possessed by it may increase or dccrca.se 
the liability to the occurrence of lesions of given t)rpes. However, we 
are not justified in assuming, that there are di.stinct strains of pallidum 
capable of producing entirely different tyjics of disease, unless it be 
clearly understood that such properties may be lost or aicjuired by 
any strain and that in any case the action of such organisms is subject 
to the operation of ouLside influences whi<h may completely nullify 
any existing tendency on the part of such organisms. 

Turning to the part played by the host in the evolution of disease, 
there are a number of facts to be considered. It has been shown that 
spirochetes multiply more rapidly and le.sions are prcKluccd more 
readily by inoculations made in certain locations than in others and 
that the same conditions apply to the development of secondary foci 
of infection. At present, it is impossible to say whether this is <luc 
to positiA'c or to negative factors. In some instances, the adaptation 
of the part to the nutritive retiuirements of the sjMnxhete apjK'urs to 
be of considerable iraixirtance, as in the case of the testicle. Again, 
growth may be delermincHl by the local or general resistance that 
can be brought to bear u])on an infection initiated at a given point 
and the eNddcncc available would indicate that this is of greater 
moment than passive nutritive ada])taUon. 

On the other hand, the extent and severity of disease are nf)t neces- 
sarily proportional to the rate or extent of multiplication of the spi- 
rochetes. On the contrary, it has been shown that efforts to increase 
the severity of the infection by multiple fcKal inoculations may be 
completely offset by an increased reaction on the j)art of the am’mal. 
At the same time, it should be recalled that the reaction of the in- 
fected animal is proportional to the demand. • For these reasons, an 
infection that begins insidiously may progress much further than one 
that assumes more severe proportions during its early stages. 
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Obviously, the susceptibility of the tissues to injury and the sena* 
tiveness of the animal to such injury have much to do with the reac- 
tion that takes place. In its final analysis, therefore, the course of 
the disease may be determined to a large extent by the sensitiveness 
of the animal and the promptness and efliciency of the defensive 
reaction. « 

I'hese are matters of animal constitution and of animal economy. 
No two animals react to syi>hiiitic infection in precisely the same 
manner. In one animal, no chararlcribtic lesion of any kind may be 
pruduce<l, although it can be shown that the animal is infected, while 
in another animal of the same scrie.s, there mav be the most extensive 
lesions and the disease may progr<.*ss with little or no interruption 
for month.s or even years or until it <au>es the death of the animal. 
Such extremes are rarely encounlere«l but similar difTerenccs are 
met with in any seric*s of 5 to 10 animals and the proiM>rlion of animals 
with high, low. or intermctliate degrees of resistance is relatively con- 
stant, being roughly 1:1:3, resiaTlhely 

Variations in resistance «luc to sex and to physioiugicid .states are 
equally striking. Females, a.s a tiass. are <li.stinctly more resistant 
to syphilitic infection than males ami. as a rule, the pregnant lemale 
is more resistant than the non pregnant, although pregnancy, in 
some instances, has the reverse elTet t . 

Age also has to 1 h‘ consulered, but as yet, no data arc available for 
an accurate evaluatji»n of the etlect of age upon the course of sj'i^hilitic 
infections. 

In the same way and (or like reasons, one may obtain types of 
disea.se which vary greatly by merely modifying the general con- 
ditions under width a syphilitic infection is initiated. An infection 
produced by spirochete^ whose vitality is low' will not be the same as 
one produced by organisms that are higldy active. In like manner, 
an infection pnaluttHl by imratesticul.ir im>culatiun tends to jmrsue 
a tlirterent course* tnnn an infectum i)rtxluced by inlraculaneous 
inucuUUun, or by inoculation of a mucous membrane Again, the 
character of the disease that one can prixiucc with a gis-en strain of 
Trfponenm paliiduM ehangi-s with the season of the year or from 
year to year. Thu.s. during the summer months, the disease is always 
comjxiralively mild while the jwriods of greatest severity are spring 
and tali. 
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Finally, it is by no means certain that all of the lesions that occur 
as a result of .syphilitic infection owe their origin to a hx'al action of 
the spirochetes. At any rate, susceptibility to injury undergoes a 
market] alteration so that the lesitms that wcur at one stage of the 
infection usually differ from those of another and the destructiveness 
of the lesions is in no wise determined by the numlier of organisms 
present but by the condition of the host. 'I'his change in the character 
of the local reaction is indicative of a more fundamental alteration in 
general animal economy and there is considerable evidence to show 
that other lesions may occur in the course of s\']ihiliti( infections 
which are attributable to a disturbance of animal economy rather 
than to a direct action of the sj)irochetes. 

Fn)m this brief review of factors that j>lay a more less im{H>rtant 
part in cletermining the course of syjdtilitic infections, it is at once 
apparent that many conditions may favor or i>revent the occurrence 
of lesions of any given class. We sh.!!! not attemjit to indicate all 
of the {)ovsibilities that exist in the case of ocular involvement. It 
is imi>ortant to bear in mind (1) that lesions of the eyes occur in 
advanced infections, (2) that the majority of le-sicms arise from an 
infection in the episcleral tissues immcHliately surrounding the cornea, 
(.?' that for the most part the IcKal clisturbance is out of all pro|>ortion 
to the severity of the local or general infection and that these lesions 
are es]»ecially prone to relaj)sc‘, i4; and finally that lc*sions of the eyes 
rarely occur in animals that show a prompt and vigorous reaction 
except in cjuses where the di.sease proves to be unusually severe. 

From a considerati<m of these facts, it is obvious that the clement 
of forc'most importance in all casts is the reaction to infection. In 
many instances, involvement of the eyes is due merely to a low gnule 
infection which fails to arouse a full measure of opposition on the 
part of the animal. In other instances, the situation is entirely 
different. The infection assumes severe jirojiortions from the begin- 
ning and progresses in spite of any effort on the i>art of the animal 
to prevent its progress. Under such circumstances, the k'sion.s in 
the eyes occur relatively early and arc frequently ol a severe character. 

Still, as has been pointed out, certain organisms arc more prone to 
prcxlucc lesions of the eyes than are others. Nevertheless, it is 
doubtful whether this tendency can be attributed to any special 
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affinity for the eye. From what is known of the bidogy of sypl^tic 
infectiims, and the variability of such tendendes, it is more likdy 
that manifestations of this kind are referable to some peculiarity in 
the reaction which these oripmisras arouse or in their resistance to 
ordtnaiy processes of control. 

Finally, while it is generally assumed that the ocular lesions of 
generaiize<] sy]|>hilis are manifestations of a local infection, it is by 
no means certain that this is always true. Spirochetes have been 
demonstrated in some Instances but they are usually found in com- 
paratively small numbers and dark field examination of such lesions 
as those of the cornea not infrequently give negative results. We 
know of at least one instance in which inoculations made from such a 
lesion were also negative • Moreover, we have observed one case of 
congenital keratitis and iritis in an animal bom of s>'philiUc parents, 
in which there was no other evidence of actual infection. There is a 
distinct possibility, therefore, that disturbances of animal economy 
may play an important rdle in the occurrence of syphilitic affections 
of the eyes, either as a predisposing factor or as the actual cause for 
some of the more obscure alterations that occur in syphilitic subjects. 

*Dr. Aian M. Chesnev and Dr .AJaii C' Woods, Johns Hopkins University, 
pemoal communicathm 
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In prc\ious reports (1,2), dealing with phenomena of tumor growth 
and the cliniral effects observed in tumor-bearing animals, reference 
was made to the frequent occurrence of metastases following intra- 
testicular transplanlutiun and their absence after other methods of 
inoculation, and it was ]K)inted out that this was one of the outstanding 
differences in the results obtained by the use of various methods of 
transiilantation. It was further notetl that no constant relationship 
existed between the rate of growth or the size attained by the primary 
tumor and the occurrence of metastases in distant organs, but that the 
development of metastases and the malignancy displayed by the 
tumor were more closely related to persistence of growth or the ability 
of the animal to confine the growth to a given area, and hence to the 
function of animal resistance. 

If one may consider metastases from this point of view, a study of the 
phenomena of metastasis of a given tumor in a large series of anhnab, 
diould not only throw some light upon those conditions which contrib* 
ute to or prevent the occurrence of metastases but upon the more 
fundamental problem of the nature and mode of operation of anhniil 
resistance. Such a study has been undertaken, and the results, in as 
far as they pertain to the occurrence or non-occurrence of metastases, 
will be reported in this and the two following papers, 
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On account of the scope of the investigation and the volume of the 
material used> it will be necessary to divide the rq>ort dealing with 
metastases into three pmrts. The first two papers wUl be devoted to a 
desertpikm of the lesions and the circumstances of their occurrence as 
a further contribution to the picture of the disease produced by this 
tumor and as a basis for the discussion of factors which influence the 
occurrence and distribution of metastases. This last phase of the 
subject will be reser\*ed for Part 3 of the paj)cr. 

Afeihods and MateriaL 

The malctliil upon which this studv is based consists of a series of I9I rabbits 
from the first twenty generations of transplantation in which the phenomena of 
metastasis were studied in relation to the growth of the primarv tumor, the clinical 
course of the disease, the occurrence of cb\ngcs in other organs and tissues, and a 
numl>rr of other factors such as the age and breed of the animal, the generation 
of the transplant, and the season at which the inoculations were made, all of which 
are known to exercise some influence upon the course of the disease For the most 
part, the animals ww derived froit» experiments which were conducted primarily 
for the study of the disease as a whole, and hence from the single point of view of 
metastases, the material is nut so well distributed as might l>c dcsire<l, but all 
animals have l)cen excluded where anv objection might be raised to their use ITie 
animals fall into two general grou|>s. first, animals killed at regular intervals of 
from 1 to 4 weeks after inoculation, and second, animals that died or were killed 
at various periods during the progress or resolution of the growth or after apparent 
rroovery had taken place, the time ranging from 2 weeks to 7 months from the date 
of inoculation. For statistical jmnwsos, however, tlie time limits have been fixed 
at lictween and 28 weeks 

All animals received a unilateral ti'sticular inmnilation, and with two excq>tions, 
no cxt)crimcntal procedure was employed whicli in itself might mfluencc the course 
of events 'Ilie exceptions mentioned included one group of four rabbits which had 
one testicle removed before iiKKulation and a group of five rabbits that were 
imicuinted w ith material that hud been subjwted to repeated freezing and thaw ing 
wdth a consi'fjucnt prolongation of 2 to 3 weeks in the period of inculmtion Other* 
wise, the variables which figured m the results were those of age, breed, length of 
survival, and such unavoidible differences as might exist in the quality of material 
used lor the inoculation of diflerent scries of animals and the time (season) at 
which the experiments were carrievi out 

fn rqiorting the results of this investigation, estimates of incidence and distri- 
butbn will he based upon mctiatiscs which could be detected clinically or at 
autopsy or to gross as distingubiheil from microscopic lesions In estimating 
the actual incidence of metastases. all animals showing active, regressing, or healed 
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Ie»ian» have been regarded as positive, but in classifying lesions on a time basis, it 
has been necessary to disregard clinical observations as to the time of occurrence 
of certain groups of mctastascs and to eliminate hcalc<l lesions, since these cannot 
be properly correlated with autopsy ol>ser\*ations ITie time given in such classi- 
fications unless otherwise indicated is that at which the jxMitmortem examination 
was made 

The method of presentation employed is based upon the animal as the prime 
factor in determining the coiirbc of the ilLsease. l^ions arc <iescTibed from the 
point of \iew of the peculiarities of the growth and the reaction which occurs in 
individual organs and tissues, an<l the circumstances of their occurrence are ana- 
lyaeti with reference to time and to the charaiter and progrents of the disease, 
the object being to bring phenomena of metastasis into as close rt*lationship as 
possible with those conditions which determine the amrse of the disease. 

Many of the facts in regard to mctastascs arc represented graphically, and for 
this purpose, two simple mcth<xis of charting have been used, l)olh of which 
are intend<*d to represent relative rather than absolute values The animals 
studied are immediately divisible into two main groups, positives and negatives, 
WTiile we are equally conctTned with both groups, our interest is at present cen- 
tered ujxin those animals in which metasUises occurretl. Hence in order to a\mid 
undue distortion of the picture pn*sentc<l. it is necessary to eliminate negative 
animals and to nH:’ord the r(‘sult** of incidence of <li(Terrnt classes of metastascs 
upon a relative* liasis 

Moreover, the mere prcfkmce of metastatic growths may in itself l>e misleading 
and the further consideration of the number of foci afTei ted has been intriKiurwl in 
order to give the added idea of the severitv of disease as expressed in terms 
of the incidence and di‘»tril>utk>n of metastases in any group of animals or tisvsuea. 
In like mann< r, the gt-neial i tirve of meUstatic involvement has lieen used in many 
places as a background for comp;iriHon with the curves of individual organs in order 
to prt‘scr\T tile irlea of the n lation of rnctastaM'S in indivitlual organs to the disease 
as a whole 

Incidence and Distribution of Secondary Gremihs in General. 

In taking up the subject of sewndary grow ths ansing from this 
tumor, it seems well to emphasize the fact that the tumor under 
consideration has at all times exWbite<l a tendency to a diffuse growth 
with a perivascular arrangement of cells and that invasion of blood 
vessels and lymphatics has occurrerl almost from the beginning of the 
growth or within 7 to 10 days after inoculation. It is obxdous, there- 
fore, that some dissemination of cells must ha\'c occurred in practically 
all animals with actively growing primary tumors, and yet, among the 
animals studied, secondary tumors were found in only 114, while the 
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renuUning 77 animals showed no visible extension of the growth beyond 
the body of the inoculated testide. It would appear from this, that 
dissemination of tumor cells does not necessarily imply the develofH 
ment of gross lesions, and this fact is of the foremost importance, since 
in studying phenomena of metastasis, one is concerned fully as much 
with the absence of metastases as with their presence. 

For convenience, the tumoni which developed from a primary growth in the 
tcitkle have been divided into three classes, (1) local or regional extcnsbns, 
(2} implantations on serous surfaces, and (3) metastases to dbtant parts of the 
body arising by way of the blood vessels or lymphatics This grouping is intended 
primarily to indicate degrees of independence and distribution rather than the 
esart mode of origin, which in reality is one of the problems with which we are 
concerned. 

The mean incidence of secondary growths for the entire group of animals was 
60 per cent, and at one time or another meUstascs occurred in nearly all parts of the 
body, as shown in Teit'fig. 1, which gives the relative frequency of involvement of 
various organs and tissues in 114 animals, 'fhere were great variations, however, 
in both the incidence and distribution of metastases, and, while it is not intended 
to take up this phase of the subject in detail, the fad sliould be noted that at 
different times and in different scries of animals, the incidence of metastases varied 
between a minimum of about 25 per cent and a maximum of 100 |>er cent and that 
the distribution of the lesions was subject to equally marked variations Tht^se 
features of the subject will be discussed when the factors are t-onsidered which 
have intluenced the growth and malignancy of the tumor during the course 
of trans{)lantation 

Gross lesions were found as early as 2 weeks after inoculation, and in some 
instances, actively growing metastases were still presimt in animals killed as late 
as 7 months after incKulation. The turve of mcidcmc of all classes of lesions as 
determined by {postmortem examinalum at periods of from 3 to 28 weeks after 
inoculation is given in Text fig 2 If ihb chart is ct>nsidered with reference to the 
development of the primary tumor and the subst*quent course of the disease in 
different classes of animals, it iposscnm^s a significance whith is not otherwise 
apparent, and since this form of chart wilt be ustoi with reference to metastases in 
individual organa, it tna> lie anaKzcd in home detail 

In the first place, two ixmditions arc repreHi'ntcd The upper curve indicates 
the proportion of the animal> examined at an\' time in which secondary growths 
were found, and may be s{)okcn of as the curx'c of animal incidence. The lower 
curve represents the relative number of fiKi involveti as compared with a theoretical 
possible involvement which was determined by the distribution of metastases in 
all animals examined thus far, and repa^seots both the extent and distribution of 
lesions. In order to facilitate rompariskm of these two curv'cs, the scale of the 
second curve has been multiplied fivefold. 
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A cooiideratioo of tint conditiooi (ound At 3 wedb will ibow that a great 
majority of tbf animals (77 per cent) ehowed secondary growths but few foci were 
affected (3.08 per cent). From the 3rd to the 5th weeks, corresponding with the 
time during which many animals show either an arrest or regression of the primary 
tumor, fewer animab showed metastases, but those in which metastases were 
found, showed a decided increase in dbtribution or the number of organs affected. 
Prom thb point onward, the two lines proceed almost paralle] with a rapid increase 
in both the incidence and distribution of metastases until the maximum height b 
reached at the 7th week Ihcrt b then a marked reduction in both curves extend* 
ing over a period uf several weeks followed by a slight rm with a second drop after 
which the changes that occur are of minor degree and affect animal incidence rather 
than the dbtribution of metastases, but there b a dbtinct upward trend in the 
curve of incidence. 



I'ltXT-Fic, 2. Relative incidence and dbtribulit>n of metastases. plotted with 
reference to time 


These changes arc all reflected in the course of tlu disease The initial drop 
In the curve of incidence indicates that earl> metastases mav undergo resolution 
in some animals at the same time that retrogressive cliangch take place in the 
primary tumor. Ihc rapid rise in the curves between the -Ith and 7th weeks corre- 
sponds with a renewal of activity in the primary tumor and the appearance of 
cases of fulminating malignancy Ihe apparent increase in the curve of incidence 
b doubtless s<imewhat exaggerated owing to a preponderance of deaths at thb 
particular time but this is a chamcteristic feature of the dis<»asc. The drop which 
occurs from the 7tb to the 10th weeks b due in part to elimination b> death and in 
part to recovery of a second group of animals The wdde discrepancy^ between 
incidence and dbtribution as shown at the 8th and 9th weeks b almost a repetition 
of the condition at the 3rd and 4th weeks and b doubtless attributable to the same 
cauaca. Subaaquent elevations m the curve of incidence are attributable to recni* 
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dcacmce of activity and more slowly pn^jyesaive types of disease which, as may 
be seen, mature at intervals of approximately 4 weeks. The flattening out of the 
curve of distribution which occurs during the latter half of the period of obaervaUoa 
ia of cspcdal importance since, as will lie shown later, the maintenance of this 
particular level is due to the almost constant involvement of one group of organs 
and of conditions which suggest the development of a selective distribution oi cells 
or an immunity in certain tissues nhich is nut shared by others 

The facts which have been brought out show' the general tendencies 
which exist with reference to the occurrence of secondary growths as 
a whole. It has been found, however, that the conditions which favor 
the development of metastascs are not the same fur all organs or 
tissues, and in order to obtain a clearer conception of the underlying 
causes for these differences it will be necessary to consider the lesions 
of different organs individually. 

Local or Regional Extensions. 

While in many animals, the primary tumor was at all times confined 
within the testicle, the growth not infrequently invaded the tunics and 
spread to adjaient tissues or extended outward along the lymphatics 
and blood vessels either in the form of fairly discrete notlulcs connected 
by more or less distinit lines of tumor growth, or as niiisses continuous 
with the jirimary tumor. Tlie resulting lesions, therefore, were of two 
kinds, hut with no shaqi line of distinction between thtw. T'he pic- 
ture jircsented varied in ilifferent unimtils. In some, there were small 
nodular masses on the outer surface of the tunics, and occasionally 
the growth involved the scrotum as well. More often there were 
discrete mxlules distributed along the coni, or the growth extended 
upw'anl into the alxluminal cavity in the form of large, irregular masses 
which not infrequently inv'olved the tissues alHiut the ingiunal canal 
and the lower abdominal ami pelvic regions. Kxamples of the con- 
ditions present in cases of this kind may be seen in Figs. 1 to 3, which 
show' varying degrees of the processes descrilMHl. 

'I'hesc outgrowths from the primary tumor were at times very limited in extent 
or were confined to the lower alidommal ami pelvic regions. As a rule, however, 
the growth continued upward in the retroperitoneal tissues along the midline of the 
IkmK or along the outer margins of the lumlur muscles (Figs. 1 to 3). In these 
cases, the direct connection with the primary tumor was usually lost The growth 
assumed die form of discrete nodules distributed along the line of the lymphaUcs 
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i»i A wimemii mtUaUjm in the letroperitoiieil tympb nodes and in the perimial 
timies, and not infrecittently, Ais chain of Icskms nttmded upward in Ae mkllme 
to Ae base of the neck wiA the formatio& <rf metastases in Ae retropleural timea 
and in Ae mediaitinum. 

Gfowtha of Ae several types described were of frequent occurrence as may be 
seen by reference to Teat-hg 1. Out of a total of 114 animals, Aere were only 14» 
or 12.3 per cent, in which the only secoodaiy growths were confined to Ae tissues 
immedtaidy surmunding Ae primary tumor. Extensions up Ae cord of Ar 
inoctilatcd testkle occurred, however, in 39.6 per cent of Ae animals, and it is 
important to note that Ae retroperitoneal tissues were involved with even greater 
frequency (41 4 per cent), while secondary growAs were comparatively rare in 
eiAer Ae tunics or Ae scrotum. 

Extension of Ae primar>^ tumor up Ac cord and Ae development of isolated 
nodules in Ae epididymis and cord were usually the first clinical signs of malig* 
nancy and were frequently recognizable by Ae end of Ac 3rd or 4 A week after 
inoculation. In like manner, metastases to Ae retroperitoneal tissues occurred 
as early as 2 to 3 weeks after inoculation, or at about the same time and with the 
same frequency as jHiimonary metastases, which Aows not only that Ae cells 
began to Ik* disseminated at a very early period but presents a striking jiarallelism 
in Ac initiation of metastases by way of Ae blood vessels and lymphatics. 

Lcsiona of Ais class rarely gave rise to serious disturbances In several animals, 
Acre was obstruction to the riglil ureter wiA Ac production of a h>drone|>hrosis, 
and in one instance, a grow A in the {lelvis caused complete obstruction at Ae neck 
of Ae bladder. 


Implaniati/>fts, 

Invasion of the tunics and extension of the primary tumor into 
the lower abdconinal cavity wTre proiluctivc of conditions which 
might be rcgardetl as jKiculiarly favorable <o the dcvelojiment of im- 
plantation metastases but lesions of thib class were by no means so 
frequent as might have betm expected. In fact, they were less fre- 
quent than metastases to the retroperitoneal tissues or to such organs 
as the lungs and the kidneys, where the distribution of tumor cells 
was effected either by the Ijmphatics or the blood stream (Text-fig. 1), 

In some instances, there i»erc innumerable masses of tumor grow A distributed 
through ail parts of Ac abdominal lavitv , as in Fig. 1 , but Aese cases were compar- 
atively rare. As a rule, Aere were only a few lesions present, and while some of 
them were u large as S to 10 cm in Aeir greatest diameter, Aey were usually small 
and rarely exceeded 1 to 2 cm. in diameter. 

Theae growths occurred most often in Ae omenhun and mesentery but were 
ahnoit as frequent over the surface of Ae intestine and diaphragm togeAer wiA 
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MlJaoe&t parts of the abdominal wall The stomach and bladder were rardy 
affected and metastascs were Ie« frequent on the small intestine than on the 
cecum and cdon. The surface of the spleen was affected in only one animal, 
and as far as could be determined, there were no implantation metastascs on the 
liver. 

In like manner, metastases were less frequent over the lateral and ventral 
surfaces of the parietal peritoneum than m the pelvic and diaphragmatic pouches, 
the flanks, or the lumbar regions. Another peculiarity of these lesions was a 
tendency to localization along the course of blood vessels and lymphatics, at may 
be seen in Fig. 1, which suggests that in reality some of the lesions classed as 
implantation metastases may have arisen from cells wititin blood or Ivmph vessels. 
This applies especially to mesenteric metastases 

'Htere were a few implantation metastases on the parietal pleura, but again these 
lesions were rare as compared with the incidence of metastascs in the lungs which 
involved the pUaiml surfaces, 'fhe evidence available, therefore, would indicate 
that successful implantation of tumor cells on serous surfaces was accomplished 
with difficulty, and that the hindrance to growth was much greater than that 
encountered in either the lymphatics or the blood vessels. 

Althotigh implantation metastascs were of fretjuent occurrence and 
occasionally reached a very large size, there was only one instance in 
which death could be attributed to a growth of this kind. In this 
animal, an unusually large tumor develo])cd in the mesentery and 
eventually gave rise to an intestinal infarction. 

Afftastases in Distant Parts of the Body. 

By far the greatest number of secondary tumors, and those of chief 
importance, were located in parts of fhe lj«xly which were inaccessible 
to cells from the primary tumor except by pa.ssage through lymphatics 
or blood vessels. Lesions of this class m-curred in 100, or S2..1 per cent, 
of the 191 rabbits studied, while their relative frequency in animals 
with secondary growths was 87.7 per cent. 

Metastases of this class occurred in nearly all parts of the body, 
as may be seen by reference to Figs. 1 to 4 and Text-fig. 1 which gives 
the distribution according to incidence in different organs or tissues. 
The sites of greatest frequency were the kidneys, the lungs, the 
suprarenals, the lymph nodes, the liver, the eyes, the muscles, the 
bones, the heart, and the tissues of the mediastinum. In contrast 
with the hi^ incidence shown by the organs enumerated, it will be 
noted that metastases occurred very rarely in certain other organs such 
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w the uninoculsted testide, the sii^een, and the thyroid, while no 
metaatases were found in such organs as the brain and spinal cord or 
the salivary glands. 

In like manner, the lesions were confined almost entirdy to the 
trunk, the head and neck,and the proximal segments of the extremities; 
as far as is known, there were no metastases in the ears or tongue or in 
the feet. In general, it appeared that the frequency of metastases 
diminished with the distance from the central axis of the body, and 
this was not entirely attributable to the nature of the tissues composing 
these parts, since metastases were comparatively frequent in tissues 
of the same order but nearer the body axis. 

()n account of the importance of this group of metastases, it will 
be necessary to consider them in greater detail than those of the two 
preceding groups. In describing these lesions, emphasis will be 
placed uiK>n the time relations of metastases in dificrent organs and 
tissues both with reference to one another and to the course of the 
disease. 'Ihe order in which diflerent organs or tissues will be taken 
up ha.s l>ccn clctermined by the relationships which obtain as exi^ressed 
in the circumstances under which metastases occurred. 

iMHgs -Ihilmonary metastases were usually sm.iU discrete niMliilcs of a Ravish 
white or opalescent appearance; they were usually firm and rarely showcil either 
hemorrhage or necrosis. They were more numerous in the lower than the upper 
lohrs and exhibited a tendency to localize in the pleura (Fig 3) Occ.isiunally, 
the lungs were thickly studded with these nodules, but as a rule, they wore few in 
number and widely scattered .\niong aninuh with metastases, the lungs were 
affected in 36 8 per cent. ITie time relations of thcM,' lesions with reference to the 
progress of the disease are cspectolh interesting and can be shown best by means of 
a chart which records the relative tmidence of pulmonary metastases in different 
groups of animals showing secondary growths, autopsied at from 3 to 28 weeks after 
inoculation (Fext-fig 3 1 

In general, the chart shows a three |)erio<l elevation with a decrease in the extent 
of each succeeding rise which gives the curs’c a downward slope from the point of 
greatest elevation between the 4th and 7th weeks These features of the curve 
may be emphasized, since they are typical of a condition which obtained with a 
number of organs while in striking contrast with the curs’es of others 

The actual time of occurrence of metastases in the lungs or other organs can be 
stated onlv in a general way It may be seen from the relative position of the two 
curves in Text-fig. 3 that lung metastases occurred ahead of the general involve- 
ment of other organs. The earliest pulmotuiry metastases were noted 2 weeks after 
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inoculatioii. At the end of the 3rd week, they were more frequent than metaitasei 
in any other part of the body, except in the immediate vicinity of the primary 
growth. Moreover, while there was a reduction in relative frequency during the 
Uter periods of observation, pulmcmary metastases were still compamtively fre* 
quent in all groups of animab up to the 16th week. After thb, they were of 
sporadic occurrence, and the cases observed were without exception among animals 
ot the first few generations in which the disease progressed much more slowly than 
at present, llib fact should be mentioned becau,se an eflect of the same kind has 
been btroduced bto several other curves, notably those of the kkbey and liver. 
In reality, there is consiilerablc evidence to show that pulmonary mrtastases were 
of more frequent occurrence than the actual figures would bdkate and that they 
not infrequently underwent spontaneous resolution without leaving any gross 
evidence of their previous cibtencc. The features of pulmonary metastases which 



TekT'Fig 3 Relative incidence of lung metastases as compared with general 
distnbution of scconiLiry growths, at difTcrent intervals of time after inoculation. 

are of cspcdal bterest are their early occurrence and relatively high frequency 
during the very early stages of the iiisi*ase, as (ontrasted with the occurrence of few 
lesions of snmll sue, axid their tcndenc> to dinuiusli m frequency during the later 
pc-riods of observation After the first few weeks, during which they occurred in 
all classes of animals, they were in general lesions of severe rather than of mild 
forms of disease, 

LiW ■— ITie growth b the liver varied greatly in different animab. In most 
instances, there were a few brge or medium stat'd nodule,H measuring from 0,5 to 
as much as 2 0 cm. in diameter. Individual lesions were of a soft, medullary 
consistency and not infrequently showed hemorrhage ami necrosb, but they were 
rarely enebsed by a connective tissue capsule, except b animab with a long standbg 
tumor growth. In a few instances, partially or completely healed lesbni were 
found. 
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Kot infrequently the liver Aovred n moet esteniive metnitatk involvemeBt with 
innumemble fauffe or email nodules distributed through all parts of the organ as 
shown in Fifi^ 5 and 6. These conditioni corresponded with differences in the 
rapidity widi which the disease progressed and from this standpoint are illustrative 
of similar differences whidi eitsted in other organs, especially the kidneys. The 
growth in these cases was associated with a marked enlargement of the liver. 
The weight of the organ per kilo of body weight was at limes increased as muck as 
two or three times that of the normal animal This dumge was also proportional 
to the rapidity with which the disease progressed. 

The curve of ifuridence of liver metastascs (Teat-fig 4) shows a clearly defined 
diviskm into three periods, and each period of increase lies within and parallel with 
the curve of general distribution The notable differences between the two curves 
are at those pednts where liver metastases were at their lowest level, indicating that 



the liver contributed very little to the general picture of the disease at these 
times The periods of greatest frequency of liver metastases were again periods 
of widespread systemic involvement llie terminal rise might appear to contra* 
diet this statement, but the animals responsible for this feature of the curve all 
came from early generations, as was noteti with the lungs 

In contrast with pulmonary metastases, those of the liver were much larger, and 
more numerous, suggesting that upportunities for growth were better than in the 
lungs but that the organ was in general less accessible to tumor cells and hence was 
involved only at times when cell distribution was at its optimum. 

Kidmtys.^Tht kidneys were not only the most frequent sites of metastases but 
they also tdbowed the greatest degree of involvement. As a rule, both kidneys were 
affected, and while in some instances there were only a few large or small nodules, 
comparable in all respects to those of the liver, the surface ot the organ was more 
often completely obscured by an irregular nodular mass of tumor growth (Figs 
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2 tad 5). Mcta»Uie» were liicaled primartlv in the cortrx and in the aubcapaular 
a few lesions developed in pelvis of the Lidnev, but the medulU was 
practically free, etcept as it became involved by cxUtmm of the growth from other 
parts of the kklnev or from surrounding tissues. As a rule, the growth developed 
tn the outer portions of the cortex and extended outward rather than inward. 

In instances of sloalv progressive dtsea^te the individual lesions were usually 
large, and not infrequently there was a marked thickening of the capsule. In 
more rapidly progressing cases, the h^sioiis were smaller but still numerous These 
lesioas wea* frequently hemorrhagic in character and gave rise to profuse 
subcapsular hemorrhages 

Encapsulated, necrotic, and contpleiely healed metastases were found in a con* 
siderable numl>eT of animals In these cases, there wert* usualU only a few lesiona, 
but one animal was encountered with almost complete healing of what appeared 
to have l>ecn an extensive involvement of both kidneys 



'I he form of the tur\e of renal meta*>t4is<‘i!> ( IVxt-fig 5) is diflerent from that of 
either the lungs or the liver During the earlier phases, it conforms more nearly 
to that of general metastatic involvement than does the curve of any other organ. 
This might be cxpiccted on account of the high incidence of renal metaitaaes, but 
it is important to note that the maximum incidence is not readied until the Mh 
week, or at a time when meUstases in most organs have begun to decline or have 
already reached a low level. Moreover, a high mcidencc of renal metastasis was 
maintained during the first 12 weeks, the curve from the 8th to the 12th wedu 
exceeding but conforming to that of distribution, indicating that a large proportion 
of the metastases found during this period was referable to the kidneys. At the 
14th week, the curve reaches the base line but again rises with the dUtributson 
curve. This final rise, as with the two preceding groups of metastases, was due 
largely to animals from early generations. 
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The molt nignificant feature of the cum of rtnai metasUics is its sustaiiied 
delation and in this respect it resembka the curve of pulmoiiai>' metastasis* Its 
trend is upward, however, at a time when pulmonary lesions art diminishing* and 
this difierence is even more striking in comparison with the course of events in the 
liver. These characteristics of the curve, toi^ther with the extensive growth of 
renal mrtastases, suggest two things: first, accessibility to tumor cells, and second, 
adaptation to the growth of metastascs, or its converse, low resistance to tumor 
growth. 

Comparatively few' animals showed raetastascs in the heart. The lesions 
were located chiefly in the tissues about the coronary amuses and vessels or were 
distributed difiusely through the myocardium. In a few instances, masses of 
tumor ceils were found in the right auride or ventricle, apparently free or attached 
to the walls of the heart by a slender pedide. 

'The metastases ct>mpnsmg this group varied from minute points to nodules 
measuring as much as 1 cm in diameter. The majority of the metasUises 
in the myocardium and many of those along the course of the coronary vessels 
were extremely small, semi translucent masses of a firm consistence* and showed no 
gross evidence of hemorrhage or necrosis, and apparently none of them under- 
went spontaneous resolution 

'ITie larger nodules, on the other hand, were of a medullary^ character and showed 
extensive retrogressive changes, ^letastasc^ of this type were conlined to the 
epirardial tissues about the base of the heart and apparently repreM*nte<l lesions 
of a different order from thosa* in the myocardium. In one instance, a lesion 
of this character was found in the panetal pericardium. 

The extent of the cardiac involvement was usually slight, but in a few animals 
with an unusually malignant dist-ase, there were innumerable foci of tumor growth 
distrlbutwl through all parts of the heart. 

The most significant feature of the oicurrence of cardiac mctastascs was that 
they were confuu*d alnu^st exduisivdy to animals w^ith extremely malignant 
growths This is imlicatni bv tlie relatively high point reached in the curve of 
incidence at 4 wet^ks and the absence of cardiac metastascs after the 7th week 
(Text fig 6). In fact, the cases of most extreme cardiac involvement occurred in 
animals that showetl mark^Mi debility 4 weeks after inoculation. The liver shown 
in Fig. 6 came from one of these animak and mctasUscs were almost as numerous 
in the myoiardium The few exceptions to this rule occurred in animals w*ith 
marked mediastinal invoKTment, and the cardiac lesions present were of the same 
general character ns those in the mediastinum and were confined to the epicardial 
tissues about the tv;i.se c^f the heart. A few lesions of this kind were found in 
animals autopsied several months after inoculation, 

5«^dmia/r.-*Metastases in the suprarenals were of frequent occurrence. Of 
the 114 animals showing metastases, 37 showed metastatic growths in the supra- 
renabk In 10 instances, both suprarenals were involved, while the right was 
affected in 12 and the left in IS animals* 
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The growth ususliy arose in the cortex at one or several fod. These tended 
to coalesce, forming a singte mass which occupied the center of the gland and was 
usually surrounded by a narrow rim of cortex. 

The metastascs varied in size from a few millimeters to more than 2 cm. in 
diameter. The growth was of a grayish white or rttldtsh gray color and usually 
rather translucent 'Ihc lesions were always soft, and while they were frequently 
hemorrhagic, they showed comparaUvelv little tendency to mass necrosis. 

The mode of growth was pt-^liar in that it produced a comparatively uniform 
expansion of the gland w ith gradual obliteration of lx>th cortex and medulla but 
showed little or no tendenc}' to invade the sum>unding tissues On the other 
hand as long as the growth was confined to tlie substance of the gland, there was 
practically no reaction of any kind about the tumor cells and none in the surround- 
ing tissues When the capsule became involved, however, there was a sli|^t 



granulomatous reaction but still no encapsulation of the tumor mass such as 
occurred at times in all other organs with the exc eption of the hypophysis In like 
manner, no cases of regressing or heakd meUstast's were found 

The circumstances associated with the occurrence of suprarenal m<*tastast*s were 
iilso unusual In the first plate, ihev deveIo|K*d early in the course of the disease, 
the period of maximum incidence being full> a week in advance of that shown by 
even such organs as the lungs, while a second peculiarity was the maintenance of a 
practically constant and comparatively hi^ level of incidence from the 7th week 
onward (Text-fig. 7). Translating these facts into tlinical terms, it may be 
said that suprarenal metastases occuned chiefly m two groups of animals: first, 
in cases of fulminating malignancy, and second, in animals that showed few 
or no lesions elsewhere. Some of these had definitely recovered from a more 
extensive involvement, while others gave no evidence of preexisting metasUsei 
In other organs. In brief, when both suprarenals were involved, death occurred, 
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but wbcu only one wm involved, there wee no ledouft impairment of vitality on 
tWi acooimt aud lince suprarenal metastaaca did not undergo spoataaeoua 
feaototiofi» a comparatively high level of inddence was maintained thiougbaut 
the period of obaervat&m. Hie cooditbn presented by many of these animals 
wss that of an apparent immxuiity in the presence of an actively growing metas- 
tiais in one s n pr arena L 

Nowhere else waa there an exact parallel of the conditbns descriljod and they 
are worthy of especial emphasis on account of their bearing upon phenomaia^jof 
tumor growth am) upon animal resistance. 

£>tfi.--Eye metastases may be considered to advantage in connection with the 
•uprarenaJa since they presented some of the same peculiarities that were noted 
with metastases in those organs and possessed the additional advantage of per* 
mitting a oorrelation between clinical and pathological observations which^is 
helpful in their interpretation 



Text-Fig 7 Relative inddence of suprarenal metastases. 


Metastatic growths were notixl in the e>^es of fourteen animals during life, and 
a few additional lesions were encountered at autopsy. The right eye alone was 
involved twelve times, the left twice, while in four animals, metastases developed 
in both eyes. In one or tw^o instances, the growth was located in the choroid, but, 
aa a rule, it arose from the iris or dlkry body and with few exceptions extended 
forward through the iris into the anterior chamber 
The presence of these metastases was first indicated by a focal or complete 
pericorneal injection or bv the occurrence of hemorrhage into the anterior chamber 
amodaled with an irregular prominence in some part of the iris, usually towards the 
upper or outer maigin. The growth of these tumors was very rapid and they 
presented the same general appearance as primary tumors in this location. 

There was one peculiarity of these lesions which may be referred to briefly. In 
most imtances, the cornea remained clear or showed only a slight douding at the 
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outer margbf, tnri this usually occurred very early aud without reference to the 
esteot of the growth. In esceptional instances, however, the entire cornea became 
very much clouded with an apparent rouj^eniag and dryness of the surface which 
reminded one of the condition described as serophthalmia. Again, there was no 
constant relationship between the develo{Mnent of this condition and the estent 
of the tumor growth. Moreover, the change was not entirely permanent but 
cleared to some extent in animals in vdiich the tumor regretted. 

Eye metastases, as in the case of primary tumors, showed dearly defined periodi 
of progressbn and regression followed by rdapse. In some animals, the growth 
completely disappeared, leaving only a small fiibrous scar, while in others the tumor 
remained active with no tendency to heal during a period of 3 to 4 months. 

As m the case of the suprarenals, eye metastases occurred in two very different 
classes of animals* first, in animals with highly malignant tumors, and second, in 



TexT'Fxg. 8 Relative inddence of eye metastases Clinical inddence as 
compared with postmortem. 

animals with few or no secondary lesions in other parts of the IxKly. These facts 
are represented in the curve showing the presence of eye lesions at different times 
as determined by postmortem examination (Text-fig. 8). The curve shows a 
rapid rise during the 4th to the 6th weeks with a more gradual decline and a second 
elevation of equal extent during the later periods of observation. This final 
rise is artificial and is due to the fact that a number of animals with eye metastases 
were held under ob^rvation in order to determine w*hat the outcome in these 
might be. If the existence of these lesions had not l>een known, this group of 
an ima ls would probably have been distributed over the periods from the 7th wedt 
onward giving a curve not unlike that of the suprarenal metastases. 

The curve of actual incidence (Text-fig. 8) assumes much this form. That is, 
if the time of clinical record be substituted for the record of postmortem examixui- 
tion, it will be seen that the majority of eye metastases occurred about 4 wedcs 
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ifttr tootulation and that there was a flight 8ecoiidar>' increase during the 7th and 
8th weekA In brief, 80 per cent of the tetioni occurred during the first 8 weeks* 
This comparison of clinical and patbologica] data, when taken in conjunction 
with the history, is helpful in interpreting the results obtained in other organs 
where the curve of incidence indicates the operation of a similar group of factors. 

J/y^opAyra.”-Metastaaes in the h>pQphysks also presented a picture closely 
related to that of suprarenal metastasea both as regards the character of the growth 
and the conditions under which they occurred. 

As far as could be lirtermine^K the tumors arose from either the anterior or middle 
lobe and were identical in character with those in the suprarenals. 'fhey were 
usually small and, with one eiception, were confined within the sella which showed 
a varying degree of enlargement, depending upon the size of the tumor. In one 
instance, the growth involved both the infundibular stalk and the entire area of the 
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tuber cinen*um, forming a nmss m the base of the brain which was more than a 
centimeter in diameter. 

As in the case of suprarenal metastases, there was practically no reaction about 
the growth In the hvpophysis and there was no evidence that these lesions under- 
went ^>ontaneous resolution. 

There were two features of interest in the occurrence of h>pophyseal tumors. 
The curve of incidence (Text-fig 9) brings out in t>'pical form the three waves of 
diminishing frequency which correspond with similar waves in the curves of many 
other organs. In fact, this group of lesions w'as confined almost exclusively to 
animala with widespread metastases. The exceptions occurred in animals with 
combined suprarenal and h>poph\’scal involvement in which few metastases had 
devek^)ed daewhere or in which preexisting lesions in other organs had healed. 
In this respect, there was close agreement between the conditions under which 
metsstases occurred in the suprarenals and hypophysis, indicating comparable 
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mtfUoce to tumor growth. Then? were wide differences^ however^ in the curm 
of incidence which may be attributable on the one hand to differences of acemi- 
biiity to tumor ceils and on the other hand, to the fact that hypophyseal involve* 
meot almost inevitably caused death. 

In the present pai)er, a description is given of secondary growths 
arising from direct extension of the primar>^ tumor and from the im* 
plantation of cells on serous surfaa^s, together with metastases in the 
lungs, the liwr, the kidneys, the heart, the supraamals, the eyes, nnd 
the h 5 rpophysis. Mctasta.ses in other organs and tissues will be de- 
scribed in Part 2 of this paper, 
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EXPLANATION OF PLATICS. 

I'he illustrations are reproductions of photographs which have not been re- 
touched Statements of lime are from the date of inoculation 

VhATh 25 

1 10 1 52 days Ph\'bical condition of animal fair; beginning weakness and 
slight los** of v^eight, loss uf bladder control Killisl The most striking features 
of the condition prcsinted by this animal ucrc tlie extension of the growth upward 
in the retroperitoneal tissues to the Iwsc of the ncs k and the formation of a pro- 
fusion of implantation inebistases some of which w<t(‘ fxtremelv large and actively 
growing witli little or no necrosis anywhere. I he serous cavituni were all filled 
with a blood -staiiK*d Iluid There were comparutiveiy few nittastases outside 
the abdominal and thoracii cavitic^s Note the well nourishi^d condition of the 
animal, w'hich may be contrasted with Fig 3 >' i 

pL\n. 26 

Fig. 2. 49 days. Extreme weakness; moderate loss of weight. Killed. This 
photografA shows a comparatively small primary tumor in the right testicle which 
has invaded the tunics and extended along the retro(>i*ritoneal lymphatics to the 
lumbar and perirenal regions There is a small metastatic nodule in the left 
testicle, and there are a few' lesions in the liver, but the growth is most marked 
in the kidne> s. Many of the lesions show a hemorrhagic tendency, and there is a 
diffuse subcapsular hemorrhage in the left kidney There were numerous metas- 
tascs in other parts of the body. Natural size. 
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Pun 27. 

fte- 3. 49 dtyA wcikBM #<>4 cntdatioo. KIObi}. TUb 

fi faitcndid priosifilf toBIiiBtntBUKoond!tioBpKMiitiB{uIiBiiuttin(nsl%otBCT, 
•ItbgoglilitcpncfCMof tlK4iwueimi»tiorapidut»wmetim«iaeeB. Him 
mte mmi t ttm in all Um abdominal and tbom^ viacm, fadudiag tbe i^leoi, 
and in liba oaieiMBal mmlnfiai, tbe bypopbyiia, tbe eyaa, and aridei)R«ad lcak»s 
bi tile and aubcutaneoui tbe deep and ai^Mcfidal lymiib oodea, tbe 
rnnadca, and tbe boaea. Many <rf tbcae metaataaea are marked by anowa to fadti* 
tate identification. Thia photograph ihould be examined in connectioaintbF%. 4 
wfaiciiilMnn tbe Icaiona over tiiebKk<rf tbe aame animal. Tbe leeiona of eapccial 
intenat «hkb may be aeen are tboae in the heart, the akin and aubcutaneooa 
tiinca, aapetficial lym{di nodea, the muadea (tb4b and jaw), tbe bonea of the jaw, 
andtiieatenivehemortiuigeintheri^tkkfaMy. The animal alaotbowaawaating 
of tbe fatand of the muadea, eapecially noticeaUein the lumbar region. About ). 

Pun 28. 

Fie.4. TbeaameanimaiaainFig 3. Note the number and size of the cutaneoua 
and aubcutaneoua metaataaea and the prominence of the right tiioulder, which waa 
due to a growth in the muadr which pouibly aroee from the scapula. Natural 
aise. 


Pun 29. 

Ftca. 5 and 6. Hie animal whose liver is shown in Fig. 5 died 82 days after 
inoculation', that from which the fiver in Fig. 6 was taken showed an extremely 
ra(»d development of skin and bone metastases during the 4th week after inocula- 
tim with pngresaive weakness and emaciation and was killed on the 29th 
day. Natural sice. 

Hie metastases in these two livers illustrate a difference in the character of the 
ledona aeen hi cases (d rather slowly progressive malignancv and in those that are 
truly fulminating. The difference in the Icuons and the asaodated change in the 
organ are tyjdcal of the conditions presented by all other organs under similar 
ctrcumatancea and show to what extent the number and character of the leskmi 
present can be taken as an index of malignancv or more properly of animal resia- 
tance, since varying degrees of the condition illustrated ma> be seen in different 
animals of the same aerica. 



THF JOURNAL Of CXPtRiMI NTAL MFOK INC .^Ot XXXVIll 


PIATF >ti 



(ic<irc< aol l\tr*n M iiKt ant i im ( thf r<iM tt \ ) 





TMF JOURNAL OF FXPLRJMINTAL MEOlCiNt VOL XXXVIII 


PI ATt Jt 



Ic^rcc kni LrcmD Matigrart (utnor of U>e rabbit \ i 









THF JOURNAL OF tXPtRlMLNTAL MEDICINt VOL KXXVm 


ri 1 1 *-51 



I r^rtr au4i hrrmn: M UitfiiJitil luritor of tlit ral>lj»t V ) 








IKiqriBtad ftw Tte |0HUHa.-w BKmaiMfMt M 
V«l. xttvffi. No. «, up. Jtfr-m) 


STODDES BASED ON A MAUaNANT TUMOR OF TOE 

RABBIT. 

V. Metastases. 

« 

Past 2. Dbscbiptkw or the Lesions whh Esfecul REmiNOi 
TO TBEIB OcCUKRENCB and DtSTUBOnON. 

nv LOUISE PEARCE, M D., and WADE H. BROWN, M.D. 

(From the Laboratories of The Rotbefelln ImiUute jor ifedual Kestanh ) 
(Received for publication, May 25, 1923.) 

This paper continues the ciescription of metastatic growths con- 
tained in Part 1. Consideration of this subject may be resumed with 
the lesions of the skin and subcutaneous tissues. 

Skitt and SubcuUmeeus rurticr.- -Comparatively few animals 
showed metastases in the skin or subcutaneous tissues, but in view of 
the difficulty experienced in obtaining a growth in these tissues by 
direct inoculation, the fact that metastases occurred at all is of the 
greatest significance. With one exception, the lesions were confined 
to the trunk, the neck, and the proxhnal segments of the legs.> They 
were most numerous over the anterior ]>art of the body, especially over 
the bade and in the regim of the shoulder girdle, and in general followed 
the lines of blood vessels. In one instance, there were solitary lesitms 
about 1 cm. in diameter symmetrically located on die shins.' 

As a rule, cutaneous metastases were small, diotty nodules of an 
opaque white or translucent appearance, althou^ some of them were of 
a purplish red cdor. Occasionally, the lesions measured as much as 
1 cm. in diameter, and the larger (uies were usually soft and hemor- 
rhi^ in diaiacter. 

The curve of inddence for cutaneous metastases (Teit-fig. !) 
differed very little from that of the hypophysis with an actttdiiicidcDce 

' Part 1, Figs. $ and 4 (the isme saimal}. 

'Part 1, Fig. 3. 
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ut laetMUsM onnpBisble to that of the tldn (11.4 per cent). The 
majority of the lesi^ occurred smnewhat earlier. In fact, cutaneoua 
metastaies were, as a rule, associated with cases cd fubninating malig- 
nancy.' There was only one instance in which a growth in the skin 
underwent spontaneous resdution, and there were two anknals from 
early generations b which the disease pursued a chronic but fatal 
course. Otherwise, the extent of the cutaneous involvement was 
directly pitfwrtional to the severity of the disease and omstituted 
the roost reliable clinical index of nuilignancy. This might have been 
expected from the structure of the skin and from its known resistance 
to direct inoculation of the tumor ceils. 



From the data aswilahle. it api>ears that nietastuses occurred in the 
subcutaneous tissues under muidb the same conditions as in the skm, 
but on account of the possibility of confusing lesions of this rlas.s with 
metastases in subcutaneous l>'mph nodes, no attem|>t has been made 
to analyse them m detail. 

Finally, the develqjment of metastases in the skin and subcutaneous 
tissues furnishes what is perhaps the roust conclusive evidence of the 
occurrence of marked alteration b animal resi.stance induced by the 
growth ct the tumor itself. 

Miades . — Metastases occurred in the skeletal muscles with slightly 
peater fnuiiiency than b the skb. They were widely distributed but 
•homed a tistinct pretlflecticm for the muscles of the thi^, the face, 
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the thorax and shoulder girdle, and the abdominal walls. Other 
musclt^ involved were those of the lumbar region, the neck, and the 
anterior extremities in the order of frequency given. Meta.stase}» 
on.'um.'d also in the dia{»hragni. but in must instance.s it was im}K>ssib]e 
to distinguish between imj»lsintations and lesions which develop<-d 
within the muscle itself. 

Mu.sde metastases were usually few in number but were inclined to 
be rather large (1 to 2 cm. in dianwterl, s<»ft, and hemorrhagic.* 
They were usually a.ss<K'iated with a well marked cellular reaction, but 
there was little tendency to eneapsulaticm. and as far as is known, they 
did not undergo s]M>ntaneou.H healing. 

In consklering the incidence of muscle metasta.se.s with reference to 
time and the conditkms under which they occurre<l, the factor of 
distribution, or the number of hvi aflecte<l. ha.s to be taken into ac- 
count. As long as one is dealing with .single or psured organs, distri- 
bution can be disreganled. but in the case of such organs as the 
mustles. the Ixmes, and the lymph nodes, the number of foci affected 
bectanes a matter of considerable importance, 

Musde metasta.ses were (onlined to animals with relatively malig- 
nant tumors, but occurred with almost equal frequency at three 
widely separatnl peri<Kls, as show'n in Text-fig. 2. That is, from the 
standpoint of animal incidence, lesions of this class were almost ecjually 
<lividetl l)etween slowly progressive and rapidly progressive cases of 
malignancy. If the curve of masde melasta.si.s were plotted ujxm this 
basis, however, it would be somewhat misleading in that the most 
extensive muscle involvement was encountcTcd am<ing animals with 
the most malignant tumors, while there were comparatively few 
lesions in those with slowly progressive tumors. 'n>e.sc facts are 
brought out by correcting the curv'e of animal incidence according to 
the number of foci involved, which places the correct emphasis upon the 
factor of malignancy and at the same time brings the curve in harmony 
with those of otlKr metastases whose inddcncc was determined by a 
similar group of factors. 

Bones . — Bone metastases occurred with about the same frequency 
as metastases in the muscles or tbe thymus. In fifteen animals, the 
lesions were distributed as follows: 
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Fadtlbom. . . 12 

Cthttria. ... . . 6 

llionui ... 4 

I'oitRiar estremitie* . . .4 

Simsl ouluma . . . . 3 

Antmor ntmnitics 1 


There were doubtless other nietastases which were overlooiced, since 
the bones coukl not always be examined with minute care. This list 
is sufficient, however, to indicate the general tendencies of distribu- 
tion, the im]>ortant features of which were the great preponderance of 
lesions in the axial skeleton and in bones with a com{>arativcly direct 
blood supply. Moreover, there was a decided preference for cancellou-s 
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bone, an<l even in the case of the long bones of the extremities, the 
growth was more abundant in the epiph>'ses than in the shaft. 

There were a few instances in which metastascs appeared to have 
develo{)ed beneath the periosteum in such lot'atiuns as the mandibles,* 
the distal ends of the and the external malleoli (nut included in 
the above dassiftcatian). As a rule, however, the growth arose within 
the bone, but not infrcqtiently extended outward with the formation 
of pnaninent swellings over the surfaa', and in several instances large 
fungating masses developed about the teeth. The tumor also showed 
a toidency to localize in or to extend to the cranial anuses, and there 
were two instances in which metastatic growrths filled the middle ear 
on one or both Mes. 
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The bone metastases that were found were ratner large, extremely 
soft, and inclined to be hemorrhagic in character. They produced 
comparatively little bone destnictiim, which was probably due to 
rapid and invauve groarth cxunbined with short duration. There was 
a distinct reduction of bony tissue, however, and spontaneous fractures 
occurred in a few animals. 

No apparent reaction occurred about the tumor mass within the 
bone, and there was compaiativcly little about that ]>ortion of the 
growth which extended into the surrounding tiMucs. In like manner, 
as far as is known, no bone metastases underwent 8])ontaneou8 
absoq>tioD. 



Fnjm the standpoint of anmial inndtncc, this group of lesions was 
again almost equally divided between cases of fulminating malignancy 
and animals with relatively malignant but slowly progressive tumors. 
The extent of the involvement, however, was much greater in the fuwt 
group of animals, as shown in Text -fig. 3 . In tltese rcsix'cts, there was 
a dose analogy between bone and musde metastases, and there are 
points of resemblance between the two curves, but they do not c(*indde. 
The chief difference appears to lie in a more uniform distribution of 
bone metastases among four groups of aniroab, with a slightly larger 
proportion of cases occurring during the later periods of observation. 
In other words, there is evidence of a further shift of inddence from 
the first to the sectmd half of the scale, while the relative extent of 
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involvcmeot occtirri&g at the two periods is still greatest in animals 
with ra{^y progressive tumors. 

Lymph Nodes • On account o{ the wide distribution of small masses 
of lymphoid tissue and the <]iihruity in detennining the exact point of 
origin of metastaaes in such places as the subcutaneous tissues, the 
retrt^xrriluncal tissues, and the mediastinum, it was impossible to ob- 
serve the same degree of accuracy in recording the occurrence of metas- 
tases in lymph nodes that was possible elsewhere. Hence, in order to 
avoid placing undue emphasis u{)on this group of metastases, only 
those lesitms were inciude<i which could be definitely localised in 
lymph nodes. When such a distinction could not be made, metastaaes 
were recorded os (k eurring in the tissues of the region concerned. In 
this way, the actual number of lymph node metastases was undoubt- 
edly underestimated, and this causcsl a corresiKinding error of increase 
in the number of metastoM^s referred to subcutaneous, retroperitoneal, 
and mcchostinal tii»sues and to the thymus Nevertheless, lymph nude 
metastases ranked high in {xunt of incidence 

The distribution and order of frequency of involvement of different 
grou[)8 of nodes were as follows. 


Rrtrupentoneal 18 

Mfsrntcnc 10 

1‘ostrnor cervical 8 

Axillary 7 

Inguinal 7 

Mammarv 6 

Submaxiltarc 5 

reritracfaeal 5 

Pertbraiuiiia] 4 

I'oaterior axillarv 1 

Anterior cervical 3 

Flank 1 

Auricular 1 


The only grotq^ of nodes of any considerable importance (size) which 
are not represented in this list are the main mesenteric mass and the 
nodes immediate^ connected with it, the deep cervicals, and the 
popUteais. This is of especial interest when it is recalled that these 
an the largest nodes in their respective regions. The absence of 
metastases from the popliteals is not so surprising, since to a very large 



LOOne FXAXOE AND WADS H. SBOWN 


69 


extent metastases were confined to the head, neck, and tmnk, but they 
did occur in the skin, muscles, and bones of the }x»terior extremities 
and even in the loose areolar tissue of the {wpliteal space. It is more 
difficult to account for the absence of metastases fn»n the mesenteric 
nodes and from the deep cerxicals, excq>t u}xin the basis of some stnic* 
tural or functional peculiarity, since all tht* neighboring nodes and 
tissues were affected with comimrative fnMjuency. 

Lymph node metastases were usually rather large* and of a gray- 
ish pink color. They were soft and freffuently hemorrhagic but showed 
comparatively little necrosis, excei)t in the case of retn)peri* 
toneal and mediastinal nodes. These nodes frequently contained 



Texr-Fic 4 Relative incidence of Ivmph lutdc metastaaes as com[taml with 
the incidence of involvement of sufierticial and of deep nodes 

large necrotic masses surroundvsl by a thick fibrous ca;>sule, and it 
appeared that healing of metastases in the retroperitoneal lymphatics 
was not infrequent and that it probably occurred in the mediastinal 
nodes also. In these respects, there was u decided difference lietween 
the deep and superficial lymph nodes, in such nodes as the super- 
ficial cervicals, the axillaries, etc., there was practically no tissue reac- 
tion about the tumor cells, and no regressive changes occurred, except 
in one animal with a metastasis in the right inguinal node. 

The curve of incidence for lymph node metastases was quite differ- 
ent from that of any group of lesiems thus far considered. If all dasses 
of nodes are induded, as in Text-fig. 4, there is a high and relatively 



lUUOMAMT TOVOt OW 1HB tiUaiT. V 


constant level tA inckieoce (ram the 3rd to the 9th weeks after moaiIa> 
tkn with a second period of increased frequency of even greater extent 
occurring late in the course of the disease. 

If this curve is divided on the basis of deep and superfidai nodes 
(Text-hg. 4), a different picture is prtsente<l in that while both groups 
of nodes show a comparatively high incidence during the earlier 
periods of observation, those in the drainage area (deep nodes) of the 
primary tumor show a su-stained elevation during the earlier weeks 
followed by a gradual decline, while the supcriicial nodes are unin* 
vdved at the begifmiog but show a gradual rise with some ductuations 
and a shari) drop at the lOtb week, followed by a second period of 


V/pcks 
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10 11 12 14 16 18 20-28 cent 



Tixt I i(> S Comparmm uf thr nlativr iniiklcnte am) distribution of metas* 
tur* in drtp and in suprrlKul hmph nodt‘<i 


increased frequency 'Hus curve is not unlike that of bone and mus- 
cle metastascs but slill shows certain distinct differences. 

If the curves for deep ami suiKnitial notles are further modified 
uptjn the basis of the extent uf involvement, or the number of nodes 
affected, the differences between the two groups of nodes become still 
greater, as shown in Text-fig 5. Under these circumstances, the 
superficial nodes give a curve much like that of the lungs or the liver, 
showing a maximuro involvement, which in this curve really means 
incidence, at the 6th week with a reduction during later periods, while 
the maximum involvement of the deep nodes occurs much later and is 
decidedly more marked during late stages of the disease. 
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The deep nodes of the abdominal and thoracic groups were Invdved 
in alt classes of animals without eifiedal reference to the severity of the 
disease, but in as far as incidence alone is conceitiMl, the involvement 
was greater in slowly progressive cases than in fulminating cases of 
malignancy, while with the superficial nudes this condition was 
reversed. The significance of these relation8hi]>s will be more ap)>arcnt 
when we have considered the incidence of mctastases in such locations 
as the retroperitoneal tissues and the me<Uastinum 
RftropmUmtcd Tissues.— As has been intimated, it was impossible 
to draw a sharp line of disUnction between metastases which were 
distributed along the course of lympliatics in the r(.‘tru]>eritoneai 
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Tixr Flo 6 t'otnpansou of the rdativo incidence of mcUistatu groallis m 
the deep hniph nodes and the rctrojicnloneal tissuHi 


tissues and those which were localized in well defined masses of 
l>-mphi>id tissue. In describing this group of lesions, therefore, the 
main object is to bring out certain jaiints of similarity and of difler- 
ente between the two groups of metaslascs 
The lesions were alike in all re,s|H'< ts and they ck turred under much 
the same circumstances. If the turves of incidence are compared, 
however (I'cxt-fig. 6), it will be seen lliat during the first 6 weeks, 
lymph node metastascs were given a higher rating than those in retro- 
peritoneal tissues. This indicates that the earlier lesions, being 
relatively small and not esjjccially numerous, were more accurately 
localized than at other times. At the lilh week the same relaticms 
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obti^aed Bod may be attfibuted to the same causes. On the whole, 
it Bfipean that the two curves tend to supplement each other. From 
point to point their direction is usually the same, but occasionally 
they assume opposite directions, as at the 6th. the 1 1th, the 12th, and 
the t4th weeks. Moreover, the curve of lymph node metastaaes 
gradually drrps to a lower and lower level, while that of retroperitoneal 
metastaaes assumes a relatively greater im|x>rtance in chnmic or slowly 
progressive forms of <Usease. The significance of the two groups of 
lesions appears, therefore, to be essentially the some, the difference 
between them being largely one of degree. 

A further relationship to be noted is that between the general distri- 
bution of metastatic growth.^, or the severity of disease, and the occur- 
rence of this group of lesions Ity com]iaring these two curves (Text- 
fig 6), it will t)c seen that there is a decided laik of agreement, which 
suggests that the condition.^ which ilctcrmine the oecumnee of retro- 
peritoneal mctostiLses and metaslascs in gimeral are not the same and 
that the conditions which favor the development of retro|x;ritoneai 
metastast's arc of relatively greater importance during the late than 
during the early stages of the disease or are of greater imfiortance in 
ca.sc<. of relatively benign tumor growth than in lho.se of fulminating 
malignancy. 

Mfdiiistinal Tisws. - Metastases in the mediastinum jiresenlcd 
muth the same difliculties of class! lira t ion as retroixTitoneal inetas- 
tases. In some animol.s, the growth in the retrofHTiloncal tissues 
extendctl upward into the methiistinum with the formatiem of tumor 
Dotlules along the course ot the lymphatics, in the lymph n<Hles and 
areolar tissue of the mediastinum, and in the thymu-» as well ’ In other 
instances, the lesions present apjx'ared to Ik* indijxndent of any 
growth in the retroiieritoneal tissues 

Exclusive of the thymic mass, mediastinal inetjistascs occurred in 
twenty-nine animals, or in 25.4 {xr cent of lh<>se .showing metastases. 
The le>ion.s were usually few in numlier but rather large, var>'ing from 
about 0.5 to 2.0 or 3.0 cm. in diameter, and were either attached to 
some neighboring structure or were irecly movable in the loose 
areolar tis.sues. 


* Part 1. Fig* 1 tod 
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Hie character of the growth also varieil in individual animals 
depending upon the progress of the disease In instances in which the 
disease was of a rapidly progressive or fulminating character, the growth 
was com{K>sed of a soft, grayish pink mass w'ith a «k'lkatc covering of 
connective tissue, while in animals in a Inch the disease pursued a 
more chronic course, the lesions were larger and inclined to be necrotic 
and were usually enclosed in a dt nse fibrous capsule. 

As has been intimated, mediastinal metasta.s(s occurred under two 
entirely different sets of conditions They wt re of freciuent o< currence 
in cases oi high malignancy but were even more frct|uent in animals 
with slowly progressive tumors and with comparatively few metastases 



IfxrFir. 7 ( ompanvin of the nlatice iiuKicme of Mcomlary growthi m 
the mi‘<lustinuin ami in the (hvm'ts 

elsewhere except in the retrojicritoneal tissues. Rcpresenteil graphi- 
cally (Text-fig. 7), there were two pericKis during which mediaitina) 
metastascs occurred, one early and the other late, while the curve is a 
whole shows an upward rather than a downward trend from the 4th 
to the 14th weeks. 

The curves for the two pcritids, however, are so different as to 
suggest that lesions represented by the two divisioms may be referable 
to different causes. Moreover, the first jiart of the coirve closely 
resembles coiresjKinding parts of a number of the curves previously 
considered, while the second half is almost a duplication of the corre- 
sponding section of the curve of retroperitcmeal metastases. The 
significance of this section is, thcreiore, quite obvious. 
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Tkymus.-~-Mtta»t»»e% occurred in the thymic mass with about the 
aame frequency as in the bones and the muscles, but it is uncertain 
whether any of these lesions could be regarded as having arisen 
within the substance of the thymus itself. Some of them were defi> 
nitely locati'd in small masses of lymphoid tissue induded within the 
capsule of the thymus. Ihese lesions were analogous in all respects 
to metastoses in the superficial Ijonph nodes and occurred under exactly 
the same coruiitions; that is, in rases of fulminating malignancy. 

In other animals, the thymus was replaced by a tumor mass which 
virtually filled the superior me<iiastinum and frequently gave rise to 
marked respiratory distress. These tumors were surrounded by a 
dense fibrous capsule and usually showed extensive necrosis but com- 
paratively little absor{)tian of the necrotic material; that is, there was 
no definite evidence of healing. 

In only one instance were metastases found in a thymus that 
appeared to be normal As in the case of the mediastinum, ih)’mic 
metastases ocxmrrcd in twcj types of disease, the one very acute and 
the other chronic, but in both instances, there was extreme atrophy 
of the thymus. Metastases were relatively infrequent among the 
animals killed within the first 10 weeks after inoculation (Text- 
fig. 7), while during the later stages of the disease they were almost as 
frequent as mediastinal metastases, and the curves of incidence 
this jxrriod sirlually coincide. 

Perirenal Fat. - Scattered ncxlulcs of tumor growth occurred in the 
perirenal and lumbar fat of u considerable number of animals, and 
occasionally there was a striking tendency to localization of metastases 
in the lumlmr fat in general, but esjiecially in the penrenai tissues. 
The conditions under which this oa'urred are not entirely clear, but 
the feature of interest was the accumulation of large masses of tumor 
tissue in the form of multiple nodules which at times completely 
sunounded the kidneys while the kidneys themselves were unaffected. 
These animals showed few implantations and few metastases in other 
organs or tissues. 

It appeared that the growth was the result of a nq)id distribution 
of tumor cells by way of the l)rmphatics, and if this assumption is 
correct, the absence of renal invedvement, or the involvement of 
other organs, is of e^>ecial significance. 
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Organs and Tissues in tt'hick Ifetastases H'cff Injrequent. 

In the preceding pages, a description has been ip\'cn of metastases 
and the conditions under which they occurrcil in those organs and 
tissues which were most often affected. In contrast with these, there 
were several groui>s of organs which are of interest on account of the 
fact that they were rarely or never involved by metastatic growths. 
These include the gastrointestinal tract, the pancreas, the genito- 
urinary organs, the central nervous system, the spleen, the thyroid 
and the ]>arathyroids, and the pineal gland. 

Gastrointestinal Tract . — There was only one instance of a clearly 
defined metastasis in the walls of the stomach, anti even implantations 
on the serous surface were comparatively rare. In the one instance 
recorded, the growth presented the tyinral apjH'arance of a peptic uUx’r. 
The lesion was about 1 cm. in diameter with a tlepressetl ulcer at the 
center surroimded by an elevated margin whiih was composetl of 
tumor cells located chiefly in the submucosa. 

The intestine was affected more often and was among the most 
frequent locations of implantation metastases. As a rule, however, 
the lesions in the intestine were small and were located either in the 
subserous or submucou'’. tissues. In two instances, comparatively 
large tumors develoix-d, and one of these leci to an intussuHception 
which caused the death of the animal. 

Pattcrcas.- In view' of the frequency of nu'la.sla.seb in the crtnentum 
and mesentery (implantation), it is remarkable that there were only 
five instances in w'hich secondary growths (Mcurred in the pancreas 
or in that portion of the mesentery orcupicil by the ])ancreas. 

Genitourinary Organs. Omitting the kidneys, the genitourinary 
organs were rarely involved There were comimrativciy few im- 
plantations on the bladder and only one metastasis of any consider- 
able size in the bladder walls. I'his was situated in the trigone and 
formed a nodule about 8 mm. in diameter wide h projected from the 
inner surface. The prostate and seminal vesicles were affected only 
once by a growth which extended downward from the retroperitoneal 
tissues. 

In like manner, metastases to the uninoculated testicle occurred 
in very few animals, and even eztension.s and implantations on the 
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cord and tUBk* of the uninoculated testide were campantively rare. 
In view of the ease with which successful inocuiations were obtained 
hi the testide, the bw incidence of metastatic growths in the uninoc* 
nbted testicb is espedaJly mgnificaht as an indtcadob of the idative 
importance of so calied suitability of soil and of other facton b detm*- 
mbtng the location of secondary growths. 

Cmtrai Nerwus Systm.—Then were five bstances b which metas- 
tases were found b the meninges of the bram or cord. The origin of 
these tumors was not certain b all cases. Those in the cranial cavity 
appeared to have developed b the menmges. while those in the spinal 
canal arose cither m the bones nr in the surrounding tissues and entered 
the canal through the intervertebral foramina. 

It is a strikbg fact that not a single ca.se of brain or cord metastasis 
occurrwi. Here agom we arc confronted by the total absence of 
metastases from an organ which is highly susceptible to inoculation 
and in which primary tumors grow with the greatest case. 

Spken. -Out of a total of 1^1 animals examined, there were four b 
which metastases occurred in the spleen as compared with thirty cases 
of metastasis t<» organs of a purely l>Tnphaid character. The lesions 
were small an<i priKluctsi little or no l<KaI reaction, and all t»f them 
occurred in cases of fulminating malignancy. These findings are prob- 
ably in acconi with general experience, but they are nevertheless 
significant as an indication of the presence of condili^ms of some kind 
which prevent the occurrence of metastases in the spleen. 

Thyroid and Parathyroids.- ■ Metastases in the thyroid are of espedal 
interest m comparison with the conditions presentcil by the supra- 
renals and the hypophysis as regards both the frequency of occurrence 
and the duuracter and extent of the Kwal reaction. There were thirty- 
se\‘en animals writh suprarenal meta.stases and thirteen with meta.stases 
b the bype^hysis, while there were only two insitanccs recorded b 
which visible metastases occurred in the external jmrathyroids and 
four b the thyroid. In two of these animals, it ap})eared, however, 
that the growth might have arisen from an attached or btemal 
parathyroid rather than from the th.vroid itself. There was one other 
animal with a metastasis in the trachea beneath the isthmus of the 
thyroid, but as far as could be detemuned, the thyroid itself was not 
bvolved. 
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These growths wisre coinptmtiveiy sm&U. the two largest measuiing 
not more than 6 to 8 mm. in diameter, while the c^hm were hardy 
visible to the unaided eye. All of them occurred in animab with 
extremely malignant tumors, whereas suprarenal and hypophyseal 
metastases were of frequent occurrence in animab with slowly pro* 
gressive tiunors or with few metastases elsewhere. 

The low incidence of gross metastases in the thyroid does not appear 
to be due to a failure of tumor cells to reach the thyroid. Numerous 
smdl collections of ceUs were found by microscopic examination, 
but in all instances, they were submerged beneath a massive 
lymphocytic and fibroblastic reaction which agmn was in striking 
contrast with the absence of such reactions in the suprarenals and 
hypophysis. 

When it is recalled that gross metastases occurred in only a few ani- 
mals with tumors of a most malignant character, indicative of an 
exce|>tionally low constitutional resistance, it would apt)ear that the 
factors of constitutional and local n-sistance are of espedal importance 
in determining the xa'inirrence of thyroid melastast's, and this probably 
applies to the fmrathyToids as well. 

i)iscti.s.moN. 

The description which has Ix-cn given of the metastases producetl 
by this tumor will ser\’c to convey a general toncej>tion of this feature 
of the disca-se. It will be seen that here again we are dealing with 
conditions which in many resjwcts are closely analogous to those 
that obtmn in man but with the arlded advantage of being able to 
produce an almost endless series of changes fr<im a given tumor stock 
and of being able to interrupt the proc'css at any {mint for the {Hirpose 
of tracing the successive stages in its development. It b thus possible 
to link together cause and effect in a way that at best b extremely 
difficult from the study of human material. 

Reviewing the facts presented, one b first impressed by the unusual 
imssibilities of this tumor for the production of metastases, affecting, 
as they may, nearty all the organs or tissues of the body. Still, it will 
be seen that there is the greatest diversity in the results obtained 
in difierent animab under precisely the same experimental condi- 
tions. In the first place, a distinction may be drawn between aidmids 
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tlMit devdop OMtastsses tad thoie tbat do not, iridic s fttrUier 
dMriott my be mde between eabnale tbnt ^iparently recover after 
nwtaatiaea teve developed and tboae in which the disease goes steadily 
cnward. 

Moreover, among the animals of the last group, the character 
and distribution of the lerioos and the course of the disease vary 
to sudi an extent in different anfanais that, if the two extremes 
were conpared, one could hardly recognise them as manifestations 
of the same etidogic agent. In one group of animals, metastases 
develop sknriy and are confined largely to the region of the lymphatics 
which lead I4>ward from the primary tumor to the mediastinum, 
while in the other, the development of metastases takes place with 
incredible rafddity and few organs or tissues are spared. In the one 
instance, the disease is slowly progressive, while in the other, it is 
fulminating in character. Between these two extremes, one finds 
various modifioations and combinations of the two outstanding ty])es 
of metastatic involvement. 

Finally, by a similar process of analysis, it may be seen that practi- 
cally the same conditions obtain with reference to the development of 
meta.stascs in different organs of a given animal or in the homologous 
organs of different animals. 

At first sight, all of these differences may appear to be largely matters 
of chance but upon closer examiiuiUon, it will be seen that, in as far 
as individual organs and tissues are concerned, there is a remarkable 
consistency in their Iwhariur and that such variations as <K'cur in a 
given organ or tissue bear a definite relation to the N'ariations which 
occur in other organs of the same animal. In brief, it will be seen 
that the peculiarities displayed by individual animals are founded 
upon constitutional differences wluch are most clearly expressed in 
the beha>ior of the individual elements which form the more complex 
animal organism. 

If animal resistance is considered from this point of view, it is 
obvious that the most direct method of approach to the problem of 
resistance to tumor growth is by a careful investigation of conditions 
which obtain in individual otgana and tissues and the relations which 
exist between one group of organs and another. From investigations 
of this kind, it may be possible to reconstruct the whole. 
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Itiis concq}ti<m is applicsbte to the study of metestsses, since 
they represent an e]q[>ression of one form of interaction between ttonor 
and host, and the data bearing upon the subject of metastasis will be 
taken up from this point of view in the next paper of the series. 

SUIOIARY AND CONCLUSIONS. 

As a part of a general investigation of a malignant tumor of the 
rabbit, the phenomena of metastasis were studied in a group of 191 
animals. The results of this investigation are presented from the 
standpoint of the relation of metastasis to animal resistance. The 
incidence and distribution of different classes of lesions are given and 
the peculiarities of the growth in different organs anrl tissues are 
described with especial reference to the time and circumstances of 
their occurrence and the relation of metastases in one organ or tissue 
to those of another. 

It was found that while the picture presented by different animals 
varied greatly, there was a remarkable degree of uniformity in the 
character of the lesions in a given organ or tissue and in tlic circum- 
stances under which metastases occurred in a given location. It was 
thus possible to establish a relationship between the distribution of 
mctastiiscs and the function of animal resistance. 

In brief, the conclusion was reached that the {>ecuUarities of 
metastatic involvement displayed by individual animals were not 
entirely attributable to chance distribution of tumor cells but that they 
were founded very largely upon constitutional differences and that the 
picture presented in any given instance rei)resented an expression of the 
interaction between tumor and host, the character and force of which 
were indicated by the nature and distribution of the lesions or by the 
organs and tissues affected. 
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In studying phenomena of metastasis of spontaneous tumors, whether in 
laboratory animals or in man, cue has hut a single example of the results of 
interaction belueen tumor and host, and w’hile it is jjossihle to arcumulate large 
groups of cases composed of tumors of similar or even idenlkal charader, one is 
^t^l lonfronttKl by the fatt of individuality or a lack of knowledge of how a given 
tumor might behave in anoUicr individual. Our knowknige of phenomena of 
metastasis is founded largely upon the study of such material, but in spile of the 
ditbiultks referred to, it has l>ecm possible to show^ that tumors of a given class 
tend to metastasize by certain paths and to localize in certain j)arts of the lK>dy. 
It has also Ixth found that, while the great majority of tumors of a given type 
show a remarkable <lcgrte of conformity in their general l>chavior, there are 
striking exceptions to rules, and that a wide range of fXMsibilitics is pre* 
sented by almost anv variety of malignant tumor Moreover, it is well known 
that tumors ordmarilv' regardini as benign may upon occasion assume malignant 
characteristics and give rise to mctastascs in distant organs. 

In brief, our experience with s»f>ontaneous tumors has led to the creation of a 
conception of essential conformity in the hehavbr of tumors of a given class and 
of [xissible variations which is of inestimable value m dealing with malignant 
tumors At the same time, comparatively little is known of the underlying 
caust^ for this liehavior No one knows whether these features of tumor growth 
arc attributable to some tendency on the part of the tumor cell or whether after 
all the conformity in behavior may not be referable to the tame causes as are 
responsible for the development of the tumor At any rate, the objective evi- 
dence of cellular activity is the thing that has l>ecn most forcibly impressed upon 
us by our contact with malignant disease, and it may be that this experiimce 
has tended to magnify our conception of the relative importance of the tumor 
cell as an aggressive agent with selective ca^iadtics and to minimize the irapor- 
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tSAct of Other (ictori. In the atme nety, m have been led to believe that tumon 
art mmpt from the general lawa or principlef governing pathological action or 
that they art autonomotii and obey no known lawi< 

Ai long aa our knowledge U confined to facts that may lie gained from a study 
of spontaoeous tumors and the single expresduon of action of a given tumor, it b 
difficult to escape such conclusions, but our point of view may be greatly enlarged 
by multiplying instances of the action of a given tumor stock and by varying the 
conditions of Sts acti\*ity* If, therefore, nothing more could be gained from the 
study of transplanted tumors, it would still be worth the while to examine into 
the one prolilem of the conformity of tumors to the action of principles of any 
kind with a view to determining the causes which are responsible for the uniform- 
ity in the behavior of tumors of a given class and the peculiarities which charac- 
tertae the behavior of different classes of tumors. In other words, to what ex- 
tent are the characteristics of tumor growth due to essential attributes of the 
tumor cells, ami how far may thaw cells l>e influenred by factors which are wathin 
the host or by factors enlirclv distinct from either but operative through the 
host rather than directly upon the tumor cells^ This is the essence of the problem 
of metastasis. 

In the present instance of a rabbit tumor, the opportunity was afforded of 
making a ureful study of the ammai with the s|)ontaneous tumor (1) and since 
then a long senes of observations has been carried out on tumors derived from 
this |iarcnt slock (24). ITic spiuntaneoua tumor metastasued both by way of 
the lym|)faatin and the blood stream, the organs affated being the regional 
lymph nodes, the lungs, the liver, the spleen, the bones, and the kidneys, but 
from a study of the spontaneous tumor alone, it would 1m: impossible to say what 
the conditions were that determined this particular distribution of metaslases 
The picture presentnl might l>e regardcil as a matter of chance or as an indication 
of a predilection of the cells of this tumor for growth in lertAin organs or as a 
condition dctermine<l by the nunle of cell distribution On the other hand, it 
might lie virwe<i as an mdication of resistance of different organs or tissues to 
the growth of the tumor cells or as a combination of all of these factors and per- 
haps of others At any rate, these are among the possibilities that have to be 
considered, and the K^sults obtained from the slud\ of trunspLuited tumors may 
be analysed with a view to determining bow far the iniluence of such factors 
can be traced or the extent to which thev have di>mmatcd the behavior of the 
tumor. 

The incidence and distribution of metasiascs, the characteristics of the growth 
in different locations, and the circumstances of thar occurreiue, as well as the 
fate of lesions in dillerent organs were described in the preceding papers of this 
aeries (5, 6) and will be used here as the Iwisis for a discussion of factors that 
have inffuenced the occurrence and di»tnbution of metastases. 
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DISCUSSION. 

A% rtBsttb the r6lf ol the tumor cell it may be said that the picture presented 
by the original animal has never been duplicated. During the Aral twenty genera* 
tkms^ no distant metastases were obtained in normal animals inoculated either 
in the skin or the subcutaneous tissues* and* although a great variety of lesions 
was produced by intratesUcular inoculatbn, in no iiistani'e was there such a 
preponderance of metastases in the liver* spleen* and bonew. From this* it is 
at once a^^rent that the tumor prr st was not the sole cause for the picture 
presented by this animal but that there were other factors peculiar to the animal 
itself that played a part in determining the result. 

In like manner* it must be apparent that, in as far as any inherent quality of 
the tumor cell iUiclf is concerned* all animals and all organs or tissues may be 
regarded as being upon an equal footing Still* it was found that even animals 
of the same series mi^t show the greatt^t diversity in results Ht tliat* while the 
tumor cell must be considered as an essential element in the equation, it is obvious 
that its activities were limited by outside influences which were capable of pro- 
ducing an almost endless series of varuitions even though all ex(>eriinental con* 
dtlionH were virtuallv constant* except those that concerned the mdividuality 
of the host 

The problem of metastasis may then be natron cd down to two main groutai of 
factors* namely, accessibility of the jiart to tumor cells in a viable condition and 
the ability of the cells to gro>^ in a {^articular organ or tissue or. so to speak* 
phenomena of cell transport and of cell nutrition in its broadest sense, 'fhe key 
to the solution of the |>roblem lies, therefore* in conditions that determine dis- 
tribution of cclb, conditions that u0cct the viability of the cells during trans|K)rt* 
and the ability of the cell in grow vchere it be(onu‘s IcHiged. 

As has bc'cn pointed out, the mode of growth of this tumor is such as to render 
it practically certain that some dissemination of cells occurs early and In all 
animals with actively growing tumors and that cells are distributcxl to distant 
parts of the body by two sefxirate and distinc t paths, the blood stream and the 
lymjihatics. However, mere entranre of tumor cells into the blocxl stream or 
l>'mph channels is not suflicicnl to insure the development of mclastast**. In 
fact* growth was rarely obtained by intravenous inoc uLilian of normal animals, 
and there was virtually a complete failure of the cells to grow in distant organs 
of upwards of 40 per cent of the anmils morulated in the testicle, although it is 
known that, in all such animals, there were tissues in which the cells might have 
grown with ease provided they could have reacheil such places in a viable con- 
dition Under ordinary circumstances* therefore* it is obvious that many cells 
entering the blood stream or the lymiihatics are dis{x>scd of in such a way as to 
prevent their growth, and apparently this mechanism is more cflkient in some 
a nim al s than in others. 

On the other hand, it has been seen that, when metastases do occur* a certain 
degree of order and of system prevails as regards the time and circumstances of 
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tlwir ocmreiKCt the dktribaUoa of the lesioof, the duncter of the growth in 
« given tocntlon, naci the ronction diiptayed by the mnoonding tiasuc*. Such 
n count of mats is not sitogrther s msttet of cfasace but is an expmrfon of the 
action of conditions which have lone part in shaping the coune ot the discsae. 

The natUK ot the facton concemed in these pnxeasn may be best ai^sredated 
by considering first those animab in which metastases occur as distinguished 
from those in whkh no metsstases develop. If we may again make use of the 
course of disease in different groups of animals as an index of general reaistanre, 
it would be safe to aasume that thoae animals in which the disease pursues a 
fulminating coune are the ones that are most indifieient to the tumor and these 
were the animals that showed the must widespread distribution of metastases 
They accounted for the wave of maximum incidence and of maximum distribu^ 
tkm that occurred at about the 6th to the 7th weeks after inoculation ' 

If one considers the incidence and distribution of metastases 
in all classes of animals during the first 6 to 8 weeks after inoculation, 
it wilt be noted that the pt*ak of metastatic involvement was reached 
in practically all those organs and tissues which are not directly in the 
path of the lymphatics leading upward from the {irimary tumor. 
During the first 4 or S weeks, the lungs showed the highest incidence of 
metastases, followeil by the suprarenals, the kiiincv’s, the liver, and the 
heart, in the order given, with such orgaixs as the eyes, the muscles, 
the suiicrficial l>mph notles, the lames, the h>’iH»j>hysis, and the skin 
forming a second group in which the ottlcr of frequency was less 
definite. 

The sequence in ilevelopment <if mclastases in this group ol organs 
suggests a distribution of cells by the WikkI and the order of incidence 
cunfonns fairly ctosc'ly to tluit usually given for the lodgment of blood 
emboli, with a notable absence of mctaslaACS in such organs as the 
spleen and the centnd ner\'ous system. (The area supplied by the 
mesenteric arteries is here ennitted on account of the possibih'ty 
of confusing bioo<l- or lymph-bomc metastaso with implantations.) 
There is not an absolute agreement, however, but the evidence is 
sufficient to show that under favorable cimditions, cells entering the 
blood stream may pass the pulmonary capillaries and be distributed to 
various parts of the body in a viable condition and that, in such cases, 
the location of metastases may be determined largely in accordance 
with prmciides of embolic distribution. 

‘ F^rt I. Text-fig. 2. 
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It is obvious, however, that mere meduuucal distribution cannot 
determine gnnrth. From what has been learned of the ability of the 
tumor to grow in different tissues by the use of direct inoculation 
and by the study of metastases, it is obnous that the possibilities 
growth in any location are contingent upon the availability of nutritive 
substances. If the factor of animal resistance could be eliminated, the 
txunur would grow best in those organs when* food is must abundant, 
but under ordinary drcumstanccs, gniwih is mo<lifu*<1 to a greater or 
less extent by the local reaction, an«l this varies in different organs or 
tissues so that the picture actually presented in any given instance 
represents a resultant of the two factors. Thus, in the most fulmi- 
nating ca.scs of nialignancy, cells may be distributed in large num- 
bers to nearly every part of the body and they may grow almost 
anywhere, but they aptiear to grow best where fotxl is most abundant. 
For example, in cases of this tjiw, one almost invariably finds the most 
extensive growth in the liver. The k*sions in other organs may be 
almost as numerous, but even in such organs as the kidneys they do not 
show the same activity of growth. In fact, they may l>e so small as 
to be barely jicrceplible. In the siune way, metastasc's in the lungs, the 
skin, and subcutaneous tissues rarely showed a rate of growth r(|ual to 
that of meta.slases in parenchymatous organs, Ijmph nodes, or muscle 
even though there was comjianitively little local reaction to interfere 
with their nutrition. 

In like manner, while cells are distributetl both by the lymphatics 
an«l the bhxHl. l>Tiiphatic distribution is a relatively slow process and 
any effect that it might have in determining the location of metastases 
may be forestalled to a great extent by a more rapid distribution of 
ccUs through the blood. 

In certain instances, therefore, the development oi metastases 
may become a function of time and of nourLshment. This is es]jet ially 
true in animals with the most malignant tumors. Such animals are 
essentially indifferent; viable cells are distributee! mechanically to all 
parts of the body, but on account of differences in the food supplied 
in different organs, cenain lesion.s grow nipidiy and death occurs before 
the cells m other locations have had an o[>iK)rtunity to develop. 

Id animals that show an increase in resistance with the progress of 
the disease, the distribution of cells and the growth of metastases are 
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detenniiMd more and man by positive (sctan of animal radstanoe. 
As long as tesistance is campaiativdy low, cells may be widely distrib* 
ttted and growth may take place in many parts of the body, while 
the rate cd growth is still determined lai^ly by the nourishment pro- 
vide<i in a given tissue. But in more resistant animals, or as resis* 
tano! increases, the distribution of cells is more restricted and 
the actual food supply of an organ becomes of less moment. Under 
these circumstances, the important factors in the development of 
metastases are accessibility and availability which are determined 
on the one band by the resistance encountered in the medium of cell 
trans{H)rt, plus mecbaiucal factors of distributiem, and, on the other, 
by the local resistance to growth in different organs or tissues. 

Ihe effect of these conditions is to alter the general scheme of liabil- 
ity to metastatic involvement. Cell distribution tends to be Umited 
more and more to those organs with the most abundant and direct 
bUiod supply or to parts that arc accessible to the spread of the 
growth by the lymphatics, wlulc a further restriction is imiK)st“d upon 
the <icveloi>ment of metastases by the ability of the cell to grow in such 
plam as are still accessible. 

The first effect of these conditions is to pnxiuce a more slimiy 
progressive «liscase with greater opportunity for the development of 
meta.stases, so that rapidly progressive cases of malignancy in animals 
that survive 6 or 8 weeks may show a more extensive distribution of 
metastasc's (gross^ than those that die within the first 4 or 5 weeks, 
while the relative extent of the growth in ililTerent organs also under- 
goes son»c change. Thus, the growth in the kidneys was usually more 
abundant than that in the liver, and comparatively large lesions were 
found in a nuntber of IcKutlons, while in cases more acute death, they 
were cither absent or extremely small. Hence in animals of this 
class, a more uniform distribution of lesions and a more uniform growth 
were the outstanding features of the picture presenttsi as compared 
with that seen !n the most fulminating cases of malignancy. 

As the disease became more chronic, however, the order of metastatic 
involvement underwent a very decided alteration. The relative inci- 
dence of metastases in such organs as the lungs, the kidneys, the 
suprarenals, the liver, the heart, the eyes, the muscles, the superficial 
lymph mxles, the bones, the hypophysis, and the skin and subcutan- 
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eous tissues stiffeted a gradual or an abrupt redaction, the character 
and extent of the change varying with different organs. At ihe 
same time, there was an increase in the rdative inddence of metas* 
tases in the deep lymphatics, in the retroiwritoneal tissues, and in the 
mediastinum, and the change in one direction virtually omi(>ensated 
for that in the other. Finally, a terminal increasi* in the inddence and 
distribution of metastases occurrefi, so that in animals that succumbed 
after a prolonged course of disease, one might again Itnd the same 
widespread distribution of lesions os in fulminating coses of malig- 
nancy, and this feature of the disease is deserving of csi>ecial emphasis. 

Much of the change in the picture presented by these animals 
might be accountwl for upon the basis of the prindples of embolic 
distribution and what is known as to the ability of the cells to grow 
in different tissues. Such organs a.s the lungs, the kidneys, the supra- 
renals, and the liver still showcil a fairly high iiwiclcnie of mi'tastoscs, 
and the decrease that occurred here or in other organs might be 
attribute<l to UhuI tissue resistance. While this explanation might 
scr\'e in the rase of such organs as the skin and subcutaneous tissues, 
the lungs, the kidneys, and the liver, it would not hold in the aisc of the 
suprarenals, the hypophysis, the eyes, the* bones, the suiwrtidal lymph 
nodes, and the muscles any more than it would in the case of the 
deep l>Tnph nodes, the relroiH-ritoneal tissues and the media-stinura 
where the inddence of metastases was u[>w'ar«l rather Ilian downward. 
In fact, there was no eddence of any loeal resistance to the growth 
of the tumor in either the suprarenals or the hyi>ophysis, and the 
resistance encountered in the ciliary body, the lymjih mnles, and the 
bonc's was comparatively feeble , 

In dew of the number of actively growing tumors in these animals, 
there am be no doubt that cells entered the blood stream and the 
lymphatics as in any other animals with actively growing tumors, but, 
for some reason, few of the cells entering the blood arrived at 
their destination in a viable condition or else they were removed 
from the circulating blood by some mechanism which interfered with 
their normal cUstribuUon. Under these drcumstances, blood-borne 
metastases were, as has been said, confined to those organs with the 
most abuiuknt and direct blood supply, while lymph-borne metastases 
either retained a comparatively high level of inddence or showed 
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•B ftctiul incresse. Eventadiy « p<wt was reached at whidbi the 
growth appeared to gpmd ahnost entirely by the lymphatics, and 
lew or BO metastases were found, except in the retroperitoneal tusnes 
aad the mediastinum. 

While in such animals as these the resistance to growth on the part 
of the tissues is <loubtiess greater than that of animals in whidi the 
disease pursues an acutely fatal course, it is obvious that condi- 
tions affecting ceU transport play an even greater part in deter- 
mining distribution and growth of metastases, for, as has been pomte<l 
out, there are still a number of organs in which the tumor might 
grow with ease provided the cells couhl reach such locations in a 
viable condition, lliis applies esiKsdally to the suprarenals and the 
hypophysis, where, a-s far as is known, there is virtually no local 
resistance and tumors never heal, except as a result of \’ascutar 
occlusion. Moreover, n.s m- have Ijeen able to .show by direct inocu- 
lation, the suprarenals may still retain a degree of susceptibility even 
in a recovered animal.' 

It is clear, therefore, that, in animals with a high native resistance 
or whose resistance inoreast's at a rapi<l rate in consequence of a tumor 
inoculation, the incidence and distribution of metasta.ses are i>rimarily 
functions of cell distribution. In this instance, however, it is evident 
that we are no longer dealing with purely mechanical principles of cell 
embolism but with some [)ositive factor of resistance analogous to that 
concerned in preventing the growth of cells injected intravenou-sly into 
normal animals. That such ts the case is shown by the fact that ani- 
mals in which the disease has pursued a chronic course with metastases 
conimed largely to lymphatic paths, may in the end develop numerous 
metastases in other parts of the body with showers of micn>scopic 
lesions in the vessels of such organs as the lungs, the kidney.s, and the 
Uver, indicating a gradual or sudden collapse of some mechanism which 
hitherto had prevented any extensive dissemination of viable cells by 
the blood. It will be recalled that this was the condition found in 
the animal with the spontaneous tumor. 

If one pursues the Kne of reasoning that has been followed thus far 
it will be found that many of the phenomena of metastasis may be 

* Pearce, L., and Van Allen, C. M.. unpublished experiments. 
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explained upon the basis of the general principles of cell distributioD 
and of growth which ha\*e been outlined abo>‘e. As long as we are 
deaiuig with cases of high malignancy, the situation is comparatively 
simple, but as wc pass frenn animals of this class to those tlut dis{>lay 
a higher degree of resistance, we ore confronted by increasing diHicuI* 
ties, and in any event, there are peculiarities of inculence and of dis- 
tribution or of absence of metastas(‘s from certain organs for which 
it is difiicult to fmd a satisfactory cx})lanatioD. This apjdies to such 
conditions as the centralization of metastases, the low incidence of 
metastases in the uninoculated testicle, the spleen, and the thyroid 
and the complete absence of metastases from the central nervous 
system.* In all such instances, however, there is some evitlcncc as 
to the nature of the cause that is responsible for the condition 
presented. 

Attention has been called to the fact that metastases in gtmeral 
diminish in frequency with the distance from the lK>dy iuis, or, where 
the blood is tlie medium of cell triins]K>rt, other conditions being 
ecjual, they <iimini.sh with the distance from the heart. This indicates 
one of two things, either that the tumor cells tend to become lodged 
before they arc carried very far or that the further they arc trans- 
porle<l, the less liable they are to reach their destination in a viable 
condition In either case, it is ob\'ious that they are subjected to some 
influence in the blood which tends to inleiicrc with their growth, and 
the edects of this iniluence are more apparent under some conditions 
than under others. It is certain, however, that this is the main factor 
concerned in the centralization of metasta.ses. 

A simiUr condition ap(M*ar'< to U' rcsi>oiisil>!c for the low imidence of nictastascs 
In the uninocidatid testicle. 'ITie ixcurrcnrc of so few metastatic le.sioiu is 
difficult to nronrile withourknowlwlgeof the growth of cells that are mechanically 
introduced, and it may l>c that the tortuous nature of the voids and their mode 
of entrance mto the testicle give an added protection against the entrance of 
tumor ceib 'fhis assumption is su|iported b) the fact that metastases do occur 
with greater frciiucncy in the cord and cptdidi nm and that most of the cases of 
testicular metastases recorded were in animals with very malignant tumors. 

* Since this statement was written, we have encountered one case of cerebral 
m e l s st a d s in which the growth apparently arose from the choroid plexus in the 
ti^t lateral ventricle. 



90 


MAUONAMT TDMOI 09 THB XABBIT. Y 


The proUem presented by the thyroid is totally different. Perus* 
tent growth of tnntor ceBs and the fonnstion of visible metastases in 
the thyroid occnrred only in animals whose resistance was of the 
lowest order. This cannot be accounted for on the basis of access!- 
MUty. since, with its abundant and fairly direct blood su{^ly, it is 
reasonably certain that viable cells are constantly being brought to the 
thyroid in large numbers. Some of them make abortive attempts to 
grow but are almost immediately submerged beneath a massive chronic 
inflammatory reaction such as is not seen in any other organ or tissue. 
In fact, this reaction is maintained in some animals after it has 
practically faile<l elsewhere, and apparently it is the tangible means of 
suppressing tumor growth in this organ. 

Neither of the above explanations is suflident to account for the 
low inddence of metastases in the spleen. Tumor cells undoubtedly 
reach the spleen in large numlx-rs, but for some reason they do not 
grow, llwre is no marked gninulumatous reaction such as is believed 
to be a controlling factor in sirnie organs, and it is equally difficult to 
attribute the immunity of the spleen to the presence of large amounts 
of lymphokl tissue, since the tumor metastasizes by way of 
phatirs os well as the blood stream, or even when it cannot metastasize 
by the blood, and lymph no<lcs themselves are iMiailiarly favorable 
sites for the growth of the tumor. This, of counk’, is the para<loz 
which remlers it difficult to assign a r6le of es{>ecial importance to 
lymphoid tissues per se in combating such diseases as tuberculosis, 
syphilis, and cancer. In all these conditions, the causative agent of 
the disease lodges and grows in lymi>hoiil tissues by preference, as it 
were, or as though it enjoyed a protection which was nut afforded else- 
where, and, as is known, the cau.sativc agent of some of these diseases 
docs survive lunger in lymph nodes, spleen, and bone marrow than 
in other tissues. It is obvious, therefore, that the defensive function of 
these tissues can be exercised only in conjunction evith other elements 
or tissues. In other words, there arc factors l^yund the lymphoid 
tissues themselves. 

la a few instances in which microscopic lesions were present in the ^leen, the 
growth was located at the center of the Malpii^ian bodies. Hiis may be no 
more than an indication of the point at which aggregates of edis are moat apt 
to become lodged, or it may mean diat the ooodiuoiu for growth are better here 
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llun in other parts of the q>teen. iAliile we do not pretend to know the euct 
causes for the fadure of the cells to itrow in the spira, the evidence avniiable 
would seem to indicate that anatomical or cfrculator}’ conditiona are diiedy 
resp ons i b le in that the presence of a system of veitous sinuses may afford an 
eioeptional opportunity for the disposal of tumor cells. 

The complete absence of metastascs from the tissues of the central nervous 
system b stilt more perplexing. Wlicn uiorulations arc made directly into the 
substance of the brain, the tumor grows very actively and there can be no doubt 
that, with actively growing tumors in other parts of the botiy, large numbers of 
cells find their way into the capiilaries of the central nervous system. Still no 
growth takes place Hence it would seem that an especiallv efficient mechanism 
must bar their entrance to these tissues. Thb b not of the nature of a cellular 
reaction hut apparently conditions exbt which inhibit the growth of cells within 
the capillaries to a greater extent than in any other tissue of the Iwdy. The 
evidence available indicates that the mechanism concrmeil is the same as that 
which prevents the growth of celb that gain access to the blood stream of highly 
resistant aniinab but that its action is greatly intensified in the central nervous 
system 

It will lie seen, thcrcftire, that from whatever angle the problem of 
metasta.sis is approached, the crucial factor in determining widcsjiread 
or restricted distribution of meta.sta.scs or the presence or absence of 
metastascs in any particular location is the factor of cell transport. 
The ability of the cells to grow is sometimes the decisive factor, but 
more often this is of secondary im[x)rtance. The first line of defense is 
dearly the miHlium of cell tran-sport, and in seeking an explanation for 
any given condition we arc almost invariably forced to recognize the 
existence of some controlling medianism in the blood or other body 
fluids whose action permits or prevents the (Kcurrence of metastascs 
on the one hand and regulates their distribution on the other. 

The tumor may metastasize by the lyrnfihatics when cells are 
incapable of surv’idng in the bhxMl but, as long as the celts are distrib- 
uted entirely by the lymphatics, the disease progmsses extremely 
slowly and is stereotyfied in form; \'ariation in the picture presented, 
widespread metastases, and high malignancy, arc largely functions 
of blood transport. 

Thus far, no effort has been made to indicate the nature of the 
factor in the bUxid that regulates cell transiMirt. We have dealt with 
animals in which this factor was either inoperative or only incompletely 
developed but we come now to a consideration of those animals that 
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abow ft ccRnpIete ftbtence metastases. Once it baa been shown that 
the ceils of a malignut tumor are capable of surviving the process of 
tran^ilantfttion and of growing in almost any part of the body, it is not 
BO difficult to understand bow cells from an actively ^wing tumor 
of a malignant character might gain lodgment in distant parts of the 
body and estaidish secondar>' fod of tumor growth as it is to under- 
stand why no secondary growths develop in other animals with tumors 
of the same character and equally active as to growth and local 
attributes of maUgruincy. This aspect of the subject is obviously of 
more far reaching importance than the presence of metastases and an 
understanding of one condition is essential to an understanding of the 
other. 

It may be said at once that the reasons for the complete absence of 
metastases are not definitely known, but since in all animals there are 
numerous kKations in which the tumor will grow with perfect ease, 
tht* failure of metastases cannot be accounte<l for on the basis of tissue 
susceptibility or l<jcal tissue resistance. There arc, however, many 
facts which indicate that such a condition might be brought about by a 
reaction of the blood and of other body fluids. In approaching the 
pr<»blem fnan this point of view, one has first to consider the attitude 
of the animal toward the tumor cell as indicated by reactions which 
follow* its introduction into the animal body. When cells arc intro- 
duced into the tissues, they excite a reaction which is com- 
parable in all respects to a foreign iKxly maclion. There is an abun- 
dant growth of granulation tissue and an effort at encapsulation which 
may or may not succeed in checking the grow'tli of the tumor, and 
subsequent phases of the maction vary accortlingly. 

If the cells arc injecteil into the ixrritoneal canty, much the 
same thing hapjiens. As has been stated, tumors rarely develop; the 
cells gradually become coUccUhI into small masses surrounded by 
fibrin and may remain free in the cavity for some time or become 
attached to the peritoneal surface and walled in by the growth of 
granulation tissue. In other words, the cells are disposed of as though 
they were some organized foreign material of a relatively indifferent 
character. 

The fate of cells injected into the blood stream is not definitely 
known but the indications are that they axe disposed of in much the 
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same way as ceils that ate introduced into the peritoneal cavity. At 
any rate, they rarely give rise to tumors, and since they are elements 
that are foreign to the blood, it is not unlikely that they tend to induce 
a formation of hbrin or of thrombi, such as S<'hmidt (7) has described 
in cases of human cancer, and are in thi.s wav prcventetl from obtaining 
the nourishment necessary for their growth. 

If, therefore, we may be gukled by the attitude of the animal 
tow'ard the tumor cells, it is obvious that although they ore products of 
rabbit tissues, the rabbit treats them as though they were foreign 
elements either because they have suffered some alteration which has 
affected their relations with normal tissues or because they arc mis{>laccd 
and brou^t into relations where they have no normal place. So long 
as we recognize the fact that the tumor cell arouses an antagonistic 
reaction, it is immaterial which of these rxplanatiun.H is accepted. 

Again, if one analyzes this reaction in detail, it will be found that it 
presents many of the characteristics of an antigen-antilxKly reaction. 
This is seen in the incrcasc‘<l resistance which t)ccur8 with the growth 
of the tumor, in the* iwritHiicily of growth and of resolution, and 
in the (K'currence of the phenomenon wluch 1ms been describeel as a 
crisis and reminds one strongly of a local anaphylactic effect. 

In thb amnection, attention may also be called to the iter- 
ation which takes place in the coagulalnlity of the blood and is 
intimately associated with clinical malignancy on the one imnel and 
the incidence and distribution of mctastas<‘.s on the other. In fact, 
one of the must striking features of highly malignant tumors is 
the marked decrease in the coaguliibility of the bl<KMl which, in cases 
of fulminating malignancy, may extend even to incoagulabih'ty, while 
there is a change in the reverse direction in animals whose resis- 
tance is increaiied (.?). 

There is no evidence, however, that the reaction of the tumor 
animal is entirely sijcdfic. On the contrary, it is known that it is in 
part non-specitic, but it is also known that re.*)islancc to the tumor 
may be greatly increased by non-spcdtic stimuialion. 

'fhe significance of these facts may Ije better appreciated if one 
applies them to the problem of metastasis, bearing in mind that con- 
ditions which favor or prevent the occurrence of metastases cannot 
be considered entirely a^rt from the primary tumor itself and from 
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{ffocesM* whidi are tNrougbt into activity by its preseooe. As has 
been taki, cells that are mechaniadiy introduced into the drculating 
blood of Qonnal animals are usually disposed of in such a way as to 
prevent their continued growth, and there is evidence that a similar 
reartion takes place when celb are discharged into the blond stream 
from a growing tumor. But, in view of the fact that the reaction 
(resistance) of normal rabbits differs aith all forms of inoculation, 
it would not be expected that all animals wuu]<l display the same 
semitiveness to the presence of these cells or the same capacity 
for their disposal. At the beginning, therefore, other conditions 
being equal, the fate of the cells discharged into the blood would 
depend primarily uj)on the existing state of these two factors. 
With the continuation of the process, the cells and products of tumor 
growth ac ting as antigen, one of sevenU conditions might be induced 
which may Ik* illustrated by concrete examples of what actually docs 
occur in different forms of the disease. 

In the first place, many animals ikjsscss a high threshold resistance 
to the tumor cells in l»oth the tissues and the Ixxly fluids. If, in 
addition to this, n gradual or rapid incri*asc in the capacity for cell 
disixisal occurred as a result of a process of automatic immunization, 
{tarallcling the reaction to the primary growth, then regre^ssion and 
absuqition of the primary tumor would occur without the production 
of metaatases. 

In other animals, either with or without an increase in the native 
capacity fur the disposal of cells, a sensitization might take place 
which would exj)ress itself in either or both of two w'uys; first, 
by a prompt disiMtsal of cells discharged into the circulation, and 
second, by a kind of local anaphylaxis due to the action of antigen 
and antibody, if we niay term them such, in the zone of concen- 
trated antigen within and immediately surrounding the primary 
tumor. A condition of this kind does occur in many animals, 
giving rise to suppiession of the primary growth by what has been 
termed a crisis. This condition, it will be recalled, is characterized 
by the sudden devclcpnent of edema, whith usually persists for a 
stKyrt time and then rapidly disappears. The essential element in 
this reaction iqipears to be the formation of coagula of some kind 
in the smaller vnaels within or immediately surrounding the growth, 



WAPK B. BSOWVt AND LOIHSE PEABCX 


95 


and possibly in the drainage lymphatics, which obstruct the Sow of 
Mood and lymph to a sufficient eitent to cause an edema, and, while 
the obstruction is only temixnraiy, it is usuaUy sufficiently enduring 
to impair seriously the vitality of the growth and not infrequently 
produces a complete necrosis of the tumor. This reaction is identical 
in its obrious characters with that which occurs in s>'phililic infections. 

It is important to bear in mind that this t)^^ of reaction occurs 
with the most actively growing tumors, that while the time of occur- 
rence varies with the rate of gniwth in different series of animals, 
it is remarkably frequent at or near the end of the 5rd week after 
inoculation. With a growth of this t>’{>e, one would ex])ect a maxi- 
mum (liM-harge of cells into the hlcKxl and lymphatics. Still, recovery 
frequently takes place without the tlevelopment of metastases. 

The exceptions to this nile are equally interesting. In some animals, 
the crisis is. as we have terme<l it, ineffectual, in that after purtiul 
regression, there is renewal oi growth in the primary tumor, or, in 
spite of a critiraJ reaction of considerable degree, there is little or no 
regression but the tumor continues to grow. In many instances, the 
growth of the primary tumor after crisis is comparatively slight, but 
the occurrence of an ineffectual crisis almost invariably signifies 
high or even fulminating malignancy w-hich is the exjict opposite 
of the condition which exists in the ca.se of an effectual crisis. In 
such instances, it w'<jul«l seem ilut the animal exjiends a great part 
of its resources for preventing the successful intplantuihin of cells. 
At all events, n\etasta.ses a]i]>ear in all (larts of the laxly and grow 
writh comparatively little opix)sition, imlicating either that these ani- 
mals iHWsessed a feeble resistance from the Ix'giuning or that their 
mechanism of resistance to both cell traitsiKtrt and growth were affected 
at the same time and in the same manner. 

This brings us to a third ]xissibility as regards the behavior of 
animals tow'ards the presence of tumor ccUs; namely, relative indiffer- 
ence with sluggish response. I'or a time, such animals would permit 
the growth of the tumor and the development of metastascs in favor- 
able locations, but as they became aroused, resistance would be in- 
creased and both metastases and primary tumor suppressed. In some 
instances, however, metastatic growths might remain in such places 
as the suprarenals or the eyes, and we would have the paradox of 
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•B imnuDe (?) aiiiinal with a living tumor which ooukl not be 
preued but with other tissues protected either by the resistance in 
the medium of cell truufwrt, or a local Ussue resistance. 

The same conditions inqiht be thought about by the existence of 
a felativeiy low threshokl resistance with a reserve capacity stiffident 
to compensate (or this defect. It is diflBcoit to say whether the start 
that the tumor gets in such cases b due to indifference or to a low 
threshold resbtance. In some instances, it appears as though the re- 
sistance of the animal were taxed to its uttermost, while in others, 
the tumor grows actively for a time but b checked abruptly and with 
no apimrent effort on the part of the anhnal, which su^t^ts that 
resistance was merely dormant. 

A further possibility is that presented by the animal in which there 
b a {Krrsbtence of an inactive or slug^sh primary tumor with metas- 
lases distributed along the lymphatic paths of the body axis and after 
long {H^riods of time gradually involving other organs of the body. 
The picture presented in these cases is clearly indicative of an initial 
metastasis by way of the l)'mi)hattcs. This would imply an immunity 
to blood transport, since, when this path is open, metastasi.s is certain 
to occur by this route. 

As has been iH>mted out. animab of this class not infrequently show 
a tenninal systemic involvement which clearly indictites a collapse or 
exhaustion of the entire mechanism of re.sistance. 

Finally, there is a group of animals that ).s either almost insensible 
to the presence of tuntor cells or incapable of dealing with them either 
in the tissues or body Iluids and the tumor progresses to a fatal ter- 
mination with scarcely any op[K>sition. 

While, therefore, the ultimate rau.>e may not be know-n for the 
absencT of mcta.stasis in animals in which it is reasonably certain that 
numbers of cells enter the blood and the Urntplutics, it is highly prob- 
able that the oimdittoas which have been outlined play a very con- 
siderable {Hilt in determining both the pre.senct* and the absence of 
metastases. In fact, it ap^iears that the introduction of tumor celb 
into a nonnal animal acts in many ways as a parenteral injection of a 
foreign protein or of organized foreign material. But, in addition, the 
tumor cell b a living and aggressive agent vrhich tends to perpetuate 
itself and in so doing arouses an antagonism on the part of tiie host 
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which, writhin the capacity oi the animal, increases with the growth of 
the tumor or until one or the other preNwls. This reaction is in many 
respects analogous to that seen in certain protozoan infections, wUch 
is not surprising since in both cases the causative agent is a highly 
organized animal cell. 

If we adq>t this attitude toward the tumor, it will be seen that 
the outcome of the interaction between tumor ami host is deter* 
mined by a chain of processes which are s<‘t in ofteration at the time 
of inoculation. Some normal animals iK).sst‘.ss the necessary capacity 
for suppres.sing the prinmry growth and at the same time are capable 
of disiK>sing of any cells (hat may gain entrance to the blood stream or 
lymphatics. But, in mtwt instances, the threshold resistance Is com- 
paratively low and increased {xiw'ers of resistance arc called into being 
by a process akin to immunization. 

This reaction occurs in close association with the growth oi the 
tumor but is directed against the tumor cells wherever they may be 
found. In like manner, tlie cxjtrcssion of re.si.stance varies according 
to the means available for preventing the growth of ccIIh in different 
locations. In all cases, however, there is an encai»ulation in some 
form which deimves tin- cells of the nourishment ncccs.sary for their 
growth and at the sjune time hinders their (iistribution. Where 
siable cells gain lodgnient in the tissue.s, a granulomatous reaction 
occurs and is aidcKl in its action by the formation of coagula in the 
vessels that supply nourishment to these tinnors. In the blood, 
tumor cells apjxjar to be disiK)sc(l of in the same way as any organized 
foreign material that cannot be phagocyleil. ITwy arc surrounded 
by fibrin and filtered out of the drculating blood or arc walled in by 
the formation of a thrombus. 

Essentially the same thing occurs in the serous cavities and in the 
lymphatic's, but the conditions which favor this method of disiKisal are 
not the same in all parts of the Ixxly. In some places, anatomical 
conditions are doubtless of im(>ortance, as in the case the spleen; 
in others, the nature of the tissue aids in determining the end-result, as 
in the lungs and the skin on the one hand, where growth is difficult 
even under the most favorable circumstances, and in the liver and 
kidnejrs and the suprarenals, the hypophysis, the lymph nodes, the 
bone marrow, and the eyes, on the other, where food is either 
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abuiuU&t or tlw local resistance to tumor growth is compsrativeljr 
feeUr. 

Finahy, it is dear that in certain organs, such as the central nervous 
system, there is an additional factor which aids in the di^x>sal of cells 
in the drcutating Idood. It is known that the tissue of the central 
nervous system ccmtains substances (cephalin) which are among 
the moat powerful coagulants, and it a;q)ears not unlikely that the 
freedom of certain organs from mctastases may be attributable to the 
action of some substance which fadlitates coagulation about the cells 
contained in the blood passing through these organs. 

There may be other processes concerned in the disposal of tumor 
ceUs, but there is no evidence to indicate that such is the case and the 
known facts do not require such an as.sumptiun. 

Little is known of processes of protection or immunity invoh’ing 
phenomena of coagulation such as apjwar to be operative with this 
tumor, lire phenomena described are analogous to what has been 
observed in so called agglomeration reactions of protozoa (trypano- 
somes and bloa<] spirochetes), and it is not improbable that similar 
proceases may be concerned in freeing the blood of foreign cells or 
orgairisms of many kinds 

Pathologists have realized that some humoral factor must play a 
port in the rcsistana* to malignant tumors and to protozoan diseases, 
but attempts to demonstrate protective principles have be.‘n am- 
fined so largely to studies of serum, as distinguished from plasma or 
whole blooti, that the importance of phenomena of coagulation has not 
been fully appreciated. 

It is not known how the changes in coagulation are eilcctcd, but there 
are a number of pus.sibiUties to be considered. Among these are the 
loss of the calcium that occurs in maligruuit disease and variations in 
fibrinogen and thrombokinase, such as occur in practically all forms 
of parenteral injection of foreign proteins, both of which have a direct 
bearing upon the problem of tumor resistance. However, it will require 
further investigation to determine the nature of the change that at 
(me time enables the blood to render inactive all the cells that enter 
and at another leads it to behave as an inert medium distributing the 
cells to different parts of the body in a purely mechanical way. 
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CONCLUSIONS. 

With a knowledge of what takes place at the site of boculation, 
in the medium of cell tran^rt, and at the point of lodgment of cells 
in different parts of the body, the problem of metastasis is greatly 
clarified. It is i)ossible to explain both the presence and the absence 
of metastases as well as peculiarities of incidence and of distribution 
iq)on the basis of established facts which in no wise conflict with what 
has been determined in the case of other tumors. On the contrary, if 
this conception be adopted, it will aid materially in clarif}nng our 
understaitding of phenomena of metastasis or of tumor growth in 
general. 

Once it is granted that the tumor cell is capable of exciting an 
antagonistic reaction on the ]:>art of the host, cither in virtue of a 
change in the cell itself or of its entrance into an enNnronment where 
it has no normal place, the problem immediately resolves itself into 
a consideration of the consequences entailed in accordance with the 
general scheme that has been outlined above. 

When viewed from this standpoint, the current conception of a 
malignant tumor as a lawless growth (autonomou.s) is hardly tenable. 
It may be viewed as an abnormal growth resulting from a disturbance 
of a growth-regulating mechanism and is lawless in the sense that it 
tends to override existing pr<KX*s8es of restraint, but its behavior is 
that of a living and aggressive foreign agent, and all the phenomena 
associated with its presence are susceptible of analysis upon the basis 
of the same princii>les of pathological action that arc applicable to 
such conditioas. Even the distinctions that ore recognized in the 
mode of metastasis of different classes of tumors arc explainable upon 
this basis, not as expression of any inherent tendency on the part of Uie 
tumor to spread by any particular })ath but merely as results of follow- 
ing the line of least resistance. Naturally this would vary accoirUng 
to the origin of the ceil. Thus cells of a saranna are nut so far re- 
moved genetically from blood elements as arc einlhelial cells and hence 
mi|^t arouse less anti^onism if they entered the blood stream and, 
under ordinary drcumstances, would be more likely to be distributed 
by this path than the cells of a carcinoma. On the other hand, me- 
ta.sta>>u by way of the lymphatics is probably not due to any selective 
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•ctivity but if a matter of neoesuty in many instances, or until the 
t^Kid teabtance has been reduced to such an extent that ceils entering 
the blood stream are no longer destroyed. 

This discussion of the phenomena of metastasis leaves many ques- 
ticms still untouched, llie foremost of these arc the causes for the 
wide variations in the incidence of metastases (28 to 100 per cent) in 
different series of anhnals and for such differences in the behavior of 
individual animals as have been described. These subjects have a 
more intimate connection with conditions that affect mab'gnancy or 
animal resistance and will be taken up in the next papers of this series 
which deal with variations in malignancy and factOTs that influence 
animal resistance. 


SUMIIAKY. 

Data bearing on the occurrence and distribution of metastases, 
as recorded in the preceding pafiers of the series, are analyzed with 
reference to the fiarts played by the tumor cell and by conditions which 
influence cell distribution and cell growth. 

It is shown that, while the tumor cell is an essential element in the 
production of metastases, its influence is relatively constant, and that 
the prime factors responsible for xnriations in the occurrence and dis- 
tribution of metastatic growths are conditions that influence cell 
distribution or that affect the viability of the cell during transport, 
and conditions that affect the nutrition of the cell wherever it may 
become lodged. 

It is further shown that Iwth the presence and the absence of metas- 
tases, as welt as {icculiarities of distribution and of growth, arc sus- 
ceptible of a comparatively simple ex|)lanation upon the basis of well 
recognized prind{des of pathological action. In brief, it was found 
that, while the tumor cells might be distributed by either the blood 
stream or the lymfdiatics. the mode of distribution and the fate of the 
cells were determined in accordance with the some general prindpies 
that are apf^cable to the distribution and disposal of for«^ cells 
introduced into the animal body. It was ftuinted out, however, that 
in apfdying these prindpies to tumor metastasis, it was necessary to 
recognize the fact that tum<v cells bear a definite relation to the tissues 
of the host and that they are living and agressive agents. Hence, the 
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reaction tbat they arouse differs in some reqxcts from that produced 
by inert or unorganized foreign material or by living ceils of a foreign 
^ledes. 
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STUDIES ON THE NASOPHARYNGEAL SECRETIONS 
FROM PATIENTS WITH COMMON COLDS. 

By peter K. OUTSKY, M.D., akh JAMES E. McCARTNEY, M.D. 

(From tht Laboralorks of Tkt RocktftUot InsMuU for Mtdual Rtfmrih ) 

(Received for publication, .April 18 , 192 . 1 ) 

The experimental slutlics on the incitant of common colds in man 
to be reported in this pajier were begun shortly after the investigations 
on influenza by Olitsky and CJates ‘ * were undertaken. They were 
initiated by the desire to check or control the latter studies anti to 
determine, if possible, any causative agent in the nusopharyngeal 
secretions derived from persons suffering from common coltls. 'Phis 
work has now extended over 4 years, and, while still incomplele, our 
purpose is to state only the results which we reganl as established 
exjKrimentally. 


Source oj MaUriats. 

It Is obvious that patients subjected to study shoultl be selected 
carefully, for the pathognomonic sympitim. rhinitis, can Ik* imiucetl by 
exposure to cold and by other physical an<l chemical agents, and is a 
sign of several affections, such as hay-fever, influenza, measles, and 
other exanthemata. Only such afTcctc>d individuals w’ere chosen who 
could trace their illness to cjqiosure to a jirevious case of common cold 
within .1 or 4 days; in other words, only those who had an infectious 
condition and showed at the same time the tj^ical syndrome of the 
disease. This consists of premonitory malaise and dryness of the 
nasal passages, followed by sneezing and discharge of a profuse, thin, 
irritating secretion frean the nose, ('onjunctiritis of a mild degree with 

'Olitsky, r. K., and Gates. F. b , 7 Exp Med, 1021, sxxiii, 125, 361. 373, 
713, xxxiv, 1; 1922, xxxv, 1, 553, 813. 

* Olitsky, P. K., and Gates, F. L., J. Exp Mtd , 1922. xxxvi. 501. 

* Olitsky, P. K., and Gates, F. L., J. Exp. Med , 1922, xxxvi, 685; 1923, xxxvii, 
303; Science, 1923, Ivii, 159. 
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isoriiDfttion is usuaUy present and in some persons sli^t headadie. 
Tbr ten^)erature is either not elevated or only slightly so and in general 
the constitutional reaction is ne^gible. On the 2nd or 3rd day the 
nasal discharge diminishes in quantity, becomes first muc(^ and then 
purulent; the mild constitutional symptoms, ii present at the be- 
ginning, di8ai)pt*ar, and in uncomplicated cases, complete recovery 
ensues alter 4 or 5 days. In the fiurulent stage, however, secondary 
loculizations may occur by extension of the inflammation to the ear, 
inducing otitis media, or to the paranasal sinuses, or to the larynx. 
In these instances, the micrcKirganisms usually found associated are 
the 8ta|)hyl«x<K,’Cus, streptococcus, pncunuKoccus, and Friedlknder 
banllus grouiis, the meningcKOCCus, Xlicrotwcus catarrhatis, and 
Pfeiffer’s batillus.*-* 

Ringer's or 0.85 |)er cent .saline solutions were emijloyed to wash 
the nas<q)harj’ngeal sc'cretions from ca.ses of common colds. These 
washing* were collected from 40 patients in the early hours (from 3 
to 20) of the uneomjjlirated illness In addition, washings were ob- 
tained from 30 indi\idual.s, supi)osedly frc'c from common colds, and 
were employed as controls. In general the mcthmls used in the 
following exi^riments were thosa* tlescribc'd in the .serie.s «)f pajwrs on 
iutluen/a by C)lit.sky an<l (iatc'N ' * 

Transmission Experimrnts 

Common cold is a mild disease in man, constitutional reaction is 
either lacking or is transitory and in<onse<{uentiu!. There is no dcl'i- 
ntte, measurable cTiterion of a {Hcsitive transmission to rabbits the 
animals empioyc'd in the exiH*riinenls. The sjnnptoms of nasal dis- 
charge and sneezing cannot l>c regiuded as critical in rabbits, for these 
animals, as a future rejwrt will show, develop snuffles sjwntaneously 
in assexiation at times with an underlying chronic panmasal sinu- 
sitis. Thus, after nasal swabbing of thirteen rabbits with filtered and 
untUtcred nasottharyngral washings from iresh cases of common cold 
in man, six showed, within 2 to 4 days thereafter, symptoms of nasal 

* Ucy. G R., J. Lab and Clin. iftd.. I9KH. iv. 55 

* Crowe, S. J., and Tbacker-Neville, W S , flull Johns. Hopkins Hosp. 1919, 
XXX, 322. 
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disduuine. a proportion which pr<rvailf<i, however, among an equal 
number of animats swabbed %vith control materiuls. Similarty, the 
intratracheal injection into fifteen rabbits t>f the unti!tere<t naso- 
pharyngeal washings derived fn>ra ten cases of early common Ciilds was 
fdlowed by no constant or characteristic eiTects. AUh«>ugh the lung 
tissue of injectetl rabbits was reinoculateil into two successiw series of 
animals, the results of these intratracheal int»cuhitions show'ctl that 
some animals gave a jwlynuclcosis with frank lobar pneumonia, fr<jm 
the lungs of which cither the pneumococcus or streptixoci us or rabbit 
septicemia bacillus could be recovered in pure culture, others a mono- 
nucleosis without lung involvement, and the remainder, intonstant 
effects. Similar results were obtaine<l from the w-ashings of six sui)- 
pojMxIly normal individuals injected intratracheally into eleven rabbit.s. 

The omclusions to Ik* drawn from our atlemirts at transmission to 
rabbits are that, in the absena* of a suitable criterion for a i»ositive 
transmission or because of the mildness of the disease, these animals 
failed to show any definite effects. On the other hand, it is apparent 
that exi)crimcntalJy the nasopharjmgeal secretions of early cases of 
common colds arc di.slinct from those of influenza, since the latter, as 
already demonstrated,*" * induce constant ami striking effects both in 
the blocMi and on the lungs of rabbits. 

Transmission to Man. 

It is apparent that a disease of so mild am! transit(»ry a nature as 
the common cold could Ik-sI Ik* studied, in a,s far as transmission of 
any iH>ssible incitant is concerned, in inuti. Befc»rc describing the 
ex]>eriments the previous work of Kruse,* in l‘>14, and Fcistcr,’ in 
191.S -16, should be mentioned. 

K ruse* diluted the nasal sceretion of an assistant ill with a common cold with 15 
tiniec its volume of saline solution and then lilteml the matcrwl through a Berke- 
feid candle. A few drops of the filtrate wi-rc insttlU*!] into the nose of each of 
twelve men. In 1 to 3 days, four of them showcil common colcfs. On repetition, 
the nasal discharge from a case of common cold was taken up in 20 volumes of 
saline solution and instilled Into the nose of each of .to voluntcm. In 1 to 4 <Iays 

* Kruse, W., MUack. mid. M'mIi., 1914, Ixi, 154" 

’ Foster, G. B., Jr., /. Infect. Dis., 1917, xxi. 451; J. Am. Med. Assn , 1916, 
Uvi, 1180. 
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fifteen, «r 42 per cent, becaine iU irith thii dieeue. Kruw esnduded that the 
Indtnnt of common colds is s ‘iltefsbie mirroorguiism, sitlwu^ he was unsUe 
to demonsUttc ettber morphologically or by culture a formed, living and mui< 
tipiying dement. 

Foster later believed that he ronfumnl the rmflioga of Kruse The nasal secre- 
tions iron cases of common colds within 24 hours after the onset of the hrst svmp- 
toms were suspended in 10 cc. of satine solution and, after shaking, the homogene- 
ous suspension was filtered through a Berkcfeld N candle From 3 to 6 dit^ of 
the filtrate were instilled into both sides of the nuae in each of ten men. “7 
developed clear cut and definite symptoms of acute coryea; 2 reacted questionably, 
while 1 remaining rase exhiinted no svmptoms. There was an incubation period 
o( 6 or S-.10 hours. . . . The duration of the symptoms varied 3-<S days — 
usually S.” In addition, Foster slsted that he has cultivated in fresh tissue - 
ascitic fluid nKdium from eleven rases of the natural disease and from five of 
exiienmcntal common colds a minute anaerobic microorganism similar in many 
rts|irrta to the *‘glol>oid t>odi«>’' of Flexncr and Noguchi * 

The presc'nt exju^riments were made on nineteen volunteen with the 
washings collcct«*d from eight patients. The mode of procedure 
differed somewiiat from that of Kruse and Foster. Instead of the 
nasal dischargt's, we obtained the nasopharyngeal secretions by washing 
with 2vS to 30 rc. of either Ringer’s or 0.85 jkt cent saline solutions.* "• 
The susjiension was shaken and then filtered through a Berkcfeld 
\' or N candle llie clear filtrate free from ordinary bacteria, as deter- 
niinivi by cultivation tests, was applied to cotton apjilic'ators 2 cm. 
long and 0 5 cm wide, the cotton being thoroughly soaked, and then 
conveyed to the nasal mucous membrane, on each side, by gentle 
swabbing. In each series of exiKTiments one or two volimtcers were 
swabbed with the unhoated filtrate and another, as a cuntnil, with 
the same material but heated at ftO®C. for 1 hour. Furthermore, the 
cases were earlier in the course of the illness than those reported 
by Foster; namely, from S to 20 hours after the omsct oi the first 
symptoms. 

Experiments on transmission from mim to man were attempted with 
the filtered nasqiharyngeal secretions from .six patients in the early 
stages of infectious common colds. The following protocols are illus- 
trative of the tests. 

* Flexner, S., and Noguchi, K.. / Exp Sfed.^ 1913, xviii, 461. 
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Ptotociii L Failed A Expoifd to a case of a common cold 3 days previous to 
onset of symptoms. Illness characteriaed by a profuse, serous, irritating dis* 
charge from nose, slight conjunctivitis, but practically no fever or constitutioiia) 
sv’mptoma This lasted for 2 da>^, after ^hich the patient returned to normal. 
The nasophar>mgeal secretions were collected in 25 cc. of Ringer’s solution, 3 hours 
after the onset of the Arst sign.s of the affection. The unaltered washings on 
aerobic culture shoued grov^ths of Stapkyhionus albu^s ami Pfeiffer *s bacillus. 
The filtered washings on aerobic blood agar plate ailtures yielded no growth. 
Anaerobic cultures of this and the following [mtients to In* rnentionc^l will be 
descril>cd later. 

The filtrate was separated into two jwrtions one, unheateil, was applied bv 
scabbing to the nasal mucosa of Volunteer 1, the other, heate<l at fiOT f<»r t 
hour, to that of Volunteer 2. Volunteer 2 was unafTt‘clc<l. 

ViduntetT I, in the afternoon of the 2nd day after scabbing, <umplainr<l of 
malaise and dr>*ncss of the nose 'The next morning he prcscntctl a profuse, thin 
serous discharge from the nose, felt feverish, and suffered from hcatlaihc. ll\t 
following dav the svmploms were aggravated, and the nasal discharge, which was 
profuse and mucoid, became purulent on the 4th dav of the illness During the 
io 7th da>s the affection sulwiried; the constitutional symptoms disappeared 
and only a slight purulent discharge was notcnl; but on the 8th day a right maxillary 
antrum infection supcrv'cned which endured for 2 weeks. 

18 hours after the on.Md of the first symptom, the nasopharyngeal secretions of 
this jicrson were collected in 25 tc of Kinger’s solution The unfdlrrrd washings 
showed on aerobic culture an occasional colony of Staphyloioam nlhus and Strep- 
ioiOfius riruians, the filtemi washings yielded no growth. 

'Fhc filtrate was treated as in the case* of Patient A and as>pticd, unhealed, to 
the nasal mucosa of Volunteer 5 and heated on that of Volunteer 4 The latter 
was unaffecte d. N'olunteer .f , who is ordinarily resistant to common colds, showed 
after 24 hours a profuse, thin discharge from tlie nose without anv other »ym])tums. 
This lasted for only 1 dav, after which the discharge disappeared. 

Protocol 2 Patient B, l'Ix]K>sc‘d to a case* of a c ommon cold 2 days previous to 
onset of symptoms I'hcre were no tonslitulionai s>mptoinH in this individual, 
only a profuse serous and later mucoid discharge from the nose and lacrunation, 
which endured for 2 days. 

12 hours after the onset, the nasopharyngeal wn returns were collected in 25 cc. 
of Ringer’s solution The unfiltcrcd secretions yielded an occasional colony of 
Sfapkylot occus alhus, Pfeiffer’s bacillus, and diphtheroids on aerobic culture: the 
filtered material exhibited no growth. 

Volunteer 5 was swabbed nasally with the unheated filtrate, Volunteer 6 with 
the heated. The latter was not affected. Volunteer 5, 8 hours after swabbing, 
fell an increase of mucus in the nasophar>Tix On the next day there was a pro* 
fuse, thin, serous secretion from the nasal mucosa but without constitutioiiai 
disturbance. On the 2nd day the discharge became mucoid and the nose was 
dogged so that he was forced to breathe through the mouth. On the 3rd day the 
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nasal secretions were profuse and purulent. The following day saw improvement 
in his condition, but on the 5th day there was an exacerbation of the acute attack. 
The duration of illness was 6 to 7 days. 

20 hours after the onset of the affection the nasopharyngeal secretions bf Volun* 
teer 5 were collected in 30 cc. of Ringer’s solution. The aerobic cultures of the 
unfiltered washings gave a few colonies of Micrococcus fiavus and Streptococcus viri- 
dans; those of the filtrate were sterile. 

The heated filtrate was swabbed on the nasal mucosa of Volunteer 7, who was 
not affected, and the unheated filtrate on that of Volunteer 8, who exhibited 8 hours 
later dryness of the nasal mucous membrane; 17 hours later there was an increased 
thin discharge without lacrimation or constitutional disturbance. 24 to 48 hours 
later the discharge was thicker, mucoid, and profuse, and on the 3rd day the subject 
was well. 

Protocol J. Patient C. — Two associates of this woman, including herself, became 
ill with common colds within 2 to 3 days of each other. 5 days after the onset of 
symptoms, her mother became ill with this disease. Patient C suffered from a 
mild attack; the 1st day was characterized by a profuse serous nasal discharge, 
the 2nd by a change in the nature of the secretions to mucoid and the 3rd day to 
mucopurulent. Except for lacrimation there were no symptoms. 

6 hours after the onset, the nasopharyngeal secretions were washed with 30 cc. 
of Ringer’s solution. The unfiltered washings yielded on aerobic culture numer- 
ous colonies of Staphylococcus alhus; the filtered, no growth. 

The filtrate was swabbed on the nasal mucosa of Volunteer 9. 14 hours later 
sneezing and dryness of nasal mucous membrane were noted. The next day this 
person showed injected conjunctivae with lacrimation, sneezing and dryness of 
nasal mucosa, slight headache, and malaise. The following day there was a thin, 
serous discharge from the nose and slight laryngitis. The nasal symptoms and the 
lar 3 mgitis lasted for a day; thereafter the subject gradually returned to normal. 

I'he nasopharyngeal washings from this volunteer were obtained 48 hours after 
the onset. The unfiltered material showed on aerobic culture a few colonies of 
Micrococcus flams and Streptococcus viridans; similar tests on the filtrate were 
negative. The filtrate was swabbed on the nasal mucosa of \'oluntccr 10 who was 
not affected. 

Protocol 4. Patient D. — This patient was in contact with two cases of common 
colds, one a week, the other 3 days previously. He had a profuse, thin, irritating, 
nasal discharge with excoriated skin about the nose. This condition endured for 
3 days. 

18 hours after the onset of symptoms, the nasopharyngeal secretions were col 
lected by washing with 25 cc. of Ringer’s solution. The unfiltered washings yielded 
a pure culture of aerobic diphtheroid bacilli; the filtered material was free from 
aerobic bacteria. 

The heated filtrate was applied to the nasal mucosa of Volunteer 11, who 
remained normal. The unheated filtrate was swabbed on the nasal mucous mem- 
brane of Volunteer 12, who 24 hours later exhibited a profuse, mucoid, nasal dis- 
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charge with collection of mucus in the nasophar 3 aix. 48 hours later this person 
had a profuse, mucopurulent, nasal discharge and perspired freely (a s 3 miptom 
ordinarily concomitant with common colds in this man’s experience). The 
symptoms disappeared 2 days later. 

No attempts at further transmission were made in this instance. 

Protocol 5. Patient £. — Contact with common cold case 2 days previous to 
onset of symptoms which were typical of those of a common cold. The naso- 
pharynx was washed with 25 cc, of Ringer’s solution 18 hours in the course of the 
affection. The unfiltered washings jdelded Pfeiffer’s bacillus, Staphylococcus 
aureus f and Streptococcus viridans; the filtered washings were free from aerobic 
bacteria. 

The heated filtrate was swabbed on the nasal mucosa of Volunteer 12 and the 
unheated on that of Volxmtcers 13 and 14. None of these persons was affected. 

Protocol d. Patient F, — This patient was exposed to three others with common 
colds 3 days before the onset of his illness. The attack was typical and endured for 
4 days. 20 hours after the onset of symptoms, the nasopharyngeal secretions were 
collected in 30 cc. of Ringer’s solution. The unfiltered washings exhibited a few 
colonies of Staphylococcus albus and Streptococcus viridans on aerobic plate cultures; 
the filtered washings were free from growth. 

The heated filtrate was applied to the nasal mucosa of Volunteer IS and the 
unheated to that of Volunteers 16 and 17. All remained normal. 

The experiments, although linuTed in number indicate the trans- 
mission of a condition similar to common colds from man to man with 
the filtered nasopharyngeal washings derived from four of six patients 
in the early hours of the disease. The two patients with whom trans- 
mission failed were 18 and 20 hours in the course of a common cold; 
the four from whom positive results were obtained were ill for 3, 6, 
12, and 18 hours when the tests were made. In two of these four 
cases, transmission was effected to a second person; in one, such trans- 
mission failed, and in the fourth no attempt was made beyond the 
first passage. Altogether, therefore, definite symptoms were induced 
in six persons, of whom one developed a secondary maxillary antrum 
infection and the other a secondary laryngitis. Of the six persons, the 
first symptoms were noted 8 hours after swabbing in two cases, 24 
hours in two, and 14 and 48 horns in the fifth and sixth individuals. 

Control Experiments. 

In the foregoing experiments it will be noted that the filtrates 
of the nasopharyngeal washings from early cases of common colds^ 
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heated for 1 hour at 60°C., failed to produce any effects in seven 
individuals. It seemed, however, that if parallel experiments should 
be made with the filtrates derived from cases regarded as suffering 
from non-infectious “colds,” the evidence to be deduced from the 
control series would be strengthened. 

Protocol 7. Patient G. — ^There was no contact with a case of a common cold but 
a definite history of exposure to cold and wet weather. Since then the patient had 
had a running nose without other manifestations, which lasted for 2 days. 

12 hours after the onset, the nasopharyngeal secretions were washed with 25 
cc. of Ringer’s solution. The washings, which showed on aerobic culture Strep- 
tococcus viridans and Pfeiffer’s bacillus, were filtered. The filtrate, free from 
aerobic bacteria, was swabbed on the nasal mucosa of Volunteer 18, who remained 
unaffected. 

Protocol 8. Patient H. — There was no contact with a case of a common cold. 
Patient was exposed to continuous cold weather in an all day automobile ride. 
A thin discharge from the nose occurred on the next day and continued until the 
following noon. The nasopharyngeal secretions were collected in the first 3 to 4 
hours after the onset in 25 cc. of Ringer’s solution. Aerobic plate cultures yielded 
five colonies of Staphylococcus aureus from the unfiltered washings but no growth 
from the filtered material. The filtrate was swabbed on the nasal mucous mem- 
brane of Volunteer 19, who was not affected. 

These two persons who evidently had non-infectious colds did 
not induce the transmission effects in inoculated individuals. 

Cultivation Experiments. 

We have already indicated, in the foregoing protocols, that cultures 
by ordinary means, such as by the employment of rabbit blood agar 
plates or veal infusion broth under aerobic conditions, did not yjeld 
growths of any constant or distinctively pathogenic microorganisms 
from either the nasopharyngeal washings or from rabbit lungs 
inoculated with these materials. The results with anaerobic methods 
will now be described. 

The filtered nasopharyngeal secretions of 40 patients with early, 
typical, infectious common colds, and the unfiltered lung tissue sus- 
pensions of fifteen rabbits injected intratracheally with the secretions 
from ten of the patients, were cultured in the Smith-Noguchi, fresh 
tissue-asdtic fluid medium under a petrolatum seal. In none of the 
cultures was any predominating, pathogenic microorganism seen. It 
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is noteworthy that in no instance was Bacterium pneumosmtes found. 
In this regard, the nasopharyngeal secretions derived from common 
colds differ from those obtained in influenza, since this bacterium has 
been shown to bear a definite relationship to influenza.’ We were 
also unable to cultivate the so-called “globoid bodies” of Foster.^ 
The appearance of precipitate in this medium simulating morpho- 
logically definite bodies will be discussed below. 

Later in the course of the cultivation experiments the anaerobic plate 
method was also used. This has already been described’ “• and con- 
sists of 5 per cent rabbit blood plain agar in ordinary Petri dishes 
placed in the Brown anaerobic jar.* The advantages of the anaerobic 
plates in conjunction with the Smith-Noguchi fluid medium have been 
demonstrated in connection with the cultivation experiments with 
influenzal materials.* 

The combined method of Smith-Noguchi medium and the anaerobic 
plates was employed in the cultivation of the filtered nasophaiyngeal 
washings from nineteen of the forty cases mentioned. This pro- 
cedure also failed to reveal a constant, definite, pathogenic agent, or 
Foster’s globoid bodies. By means of the anaerobic plates, however, 
a number of microorganisms were isolated belon^g to the three 
groups of anaerobic, filter-passing. Gram-negative bacteria described 
by Olitsky and Gates.* 

Representatives of the first group of these microorganisms which are 
actively motile, spirochete-like, slender, curved bacilli, were obtained 
in eight of the nineteen cases studied. In two of the eight, bacteria 
of the other two groups were also found; in one, those of the second 
group and in the other case those of the third group. In a parallel 
series of experiments with six supposedly healthy individuals and six 
patients in the early hours of epidemic influenza, similar micro- 
organisms were isolated in three of the normal controls and in two of 
the influenza cases. Of the latter two, in one instance bacteria of the 
third group were also obtained. In addition, this type of organism 
was recovered from a patient suffering from follicular tonsillitis. 

The second group consists of minute, tenuous, pleomorphic bacilli. 
A representative of this group was obtained in one of the nineteen 

» Brown, J. H., /. Exp. Med., 1921, xxxiii, 677; 1922, xxrv, 467. 
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cases of common colds in the culture of which bacteria of Group 1 
were also noted. The same species was cultivated from the naso- 
pharyngeal secretions of one of two cases of acute follicular tonsillitis 
but not from those of nine supposedly healthy subjects or from the 
six cases of influenza. 

The third group comprises bacteria of actively motile, very tenuous, 
slender, vibiio-like microorganisms which are smaller than those of 
the first group and are characterized by their failure to grow in fluid 
medium. Bacteria of this class were found in three of the nineteen 
cases of common colds, and in one of the three were associated with 
microorganisms of the first group. The same species was isolated in 
four of nine supposedly healthy individuals and in one of six cases of 
influenza. 

Additional serological tests to those already reported* indicate that 
the rabbit immime serum produced by repeated injections of each 
t3T)e of these microorganisms shows each group to be distinct from the 
others; there is no cross-ag^utination among the different types. 
Furthermore, these rabbit immune sera fail to ag^utinate Bacterium 
pneumosintes and conversely, anti-pneumosintes immune senun does 
not agglutinate any of the microorganisms in the three groups. 

Live cultures of fourteen strains of these “group” bacteria were in- 
jected intratracheally in rabbits to test their pathogenicity. None of 
the rabbits exhibited distinctive changes either in the blood or lungs 
or temperature. In only two instances were bacteria recovered from 
the lungs of the rabbits similar to those inoculated. Both of these 
microorganisms belonged to the first group. In addition to the rabbit 
tests for pathogenicity, a culture of each type was swabbed on the 
nasal mucosa of each of three persons. None was affected. 

To sum up the cultivation experiments with the filtered naso- 
phar3m.geal secretions from early cases of typical infectious common 
colds, it appears that no single, constant, pathogenic agent was found 
in aerobic or anaerobic media. By means of a combination of Smith- 
Noguchi mediiun and anaerobic rabbit blood agar plates, however, a 
number of microorganisms belonging to the three groups already de- 
scribed by Olitsky and Gates* were isolated. Their irregularity of 
occurrence in conunon colds, influenza, and supposedly normal individ- 
uals, their differentiation into three distinct species, and their lack of 
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pathogenicity for rabbits or man would indicate that they are not the 
incitants of common colds. Finally, it is to be emphasized that Bac- 
terium pneutnosinies was not found in any of the cultures from the 
nasopharyngeal secretions of common colds nor from those of the 
supposedly normal persons employed as controls. 

DISCUSSION AND SUMMARY. 

From the foregoing experiments it appears that with the filtered 
nasopharyngeal secretions from early cases of typical infectious com- 
mon colds in the first 3 to 18 hours of the disease, a similar condition 
can be transmitted to man. With the unheated but not with the 
heated secretions from four of six such patients we have succeeded 
in transmitting an affection indistinguishable from common cold to 
four men and in two instances the condition was conveyed from the 
person with the experimental disease to a second individual — in all, 
therefore, to six supposedly normal subjects. The periods of incuba- 
tion in the experimental disease varied from 8 to 48 hours. We 
failed to obtain these results with the filtered secretions from cases 
of common colds 18 and 20 hours after the onset of symptoms and 
from a patient with the experimental disease 20 hours after the 
first symptoms. It would appear that the secretions are more 
active in the early hours of the affection. We also failed in the two 
instances in which colds were caused by exposure to the elements, or 
chilling of the body, and not by definite contact with oth6r cases of 
common colds. 

Intratracheal inoculations in rabbits with unfiltered and filtered 
nasopharyngeal washings obtained from patients with common colds 
induce no characteristic or distinctive effects on the tissues, from which 
no constant, pathogenic agent has, as yet, been recovered. In com- 
parison, similar material from cases of epidemic influenza do, however, 
cause particular changes in the blood and limgs of these animals, cul- 
tures of the lungs often yielding Bacterium pneutnosinies In view 
of these facts and since the clinical pictures exhibited by these diseases 
differ, the conclusion may be drawn that infectious common colds 
and epidemic influenza are separate and distinct diseases. On the 
other hand, the negative results obtained with materials derived from 
common colds and from parallel series of experiments with secretions 
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from supposedly healthy persons, serve as a control to the effects pro- 
duced with the nasopharyngeal washings obtained from influenza 
patients.'"* 

Aerobic and anaerobic cultures of the Altered nasopharyngeal wash- 
ings from 40 early cases of infectious common colds have thus far 
yielded no constant, pathogenic agent which can be regarded as the 
indtant of the disease. The Altered washings of nineteen cases were 
studied by the combined method of Smith-Noguchi fluid medium and 
anaerobic blood agar plates. In these instances representatives of 
the three groups of anaerobic filter-passing. Gram-negative bacteria, 
described by Olitsky and Gates* were cultured from twelve patients. 
The irregularity of their occurrence not only in common colds but in 
influenza and supposedly normal persons and their lack of patho- 
genidty for rabbits and man indicate that these bacteria are not pecu- 
liar to common colds. This method has opened to view a number of 
hitherto imdescribed microorganisms which can be found in different 
respiratory affections and in health. Furthermore, by morphological, 
cultural, and serological means, the separation into distinct species of 
each of these groups of bacteria has again been demonstrated. It is 
noteworthy that Bacterium pneumosintes was not found in any of the 
cultures from the 40 patients. 

Spedal attention was given to the detection of elements similar to 
Foster’s globoid bodies in the cultures derived from common colds 
and from the experimental disease in man, and from the lungs of inocu- 
lated rabbits. We have not been able to determine the presence of 
these bodies, although the predpitate which forms in fresh rabbit 
kidney tissue-asdtic fluid medium was illusory in such relation since 
it was a common experience to And this precipitate simulating the 
globoid bodies of poliomyelitis. Still more disturbing is the fact, 
that these partides could be carried over from subplant to subplant 
and even showed pseudo colony formation in the Noguchi scnaisolid 
medium in tubes.* But when the partides were put to rigorous test 
for a living and multiplying organism, the tests failed to reveal mul- 
tiplication. 

The increasing importance of the tissue-asdtic fluid medium in 
bacteriological technique warrants a detailed description of the require- 
ments necessary for the determination of the living nature of formed 
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elements in cultures in this medium, (a) No one method of staining 
can be relied upon, for stain precipitate in itself adds to the confusion. 
A specimen for examination should be stained separately by Gram’s 
and Giemsa’s methods and with another nuclear dye, such as poly- 
chrome methylene blue. As a rule, microorganisms will reveal their 
morphological characters in more than one stain, whereas precipi- 
tate may be foimd in only one and not in the others. The experienced 
eye will discern the precipitated particles in selected parts of the 
stained preparation where they often occur in enormous numbers, 
clumped into irregular masses of varying forms from the periphery of 
which there is a gradual fading out to finer, more uniform structures. 
(5) In addition, suspected growths should be tested in the dialysate 
medium of Gates^** since by this method the precipitated material of 
the mediiun is kept from admixing with the growth, and a clear view 
of any microorganisms, if present, is obtained, (c) Another require- 
ment is colony formation of the suspected culture. This is an abso- 
lute essential and can be effected by planting the material to be tested 
on solid plate media, incubated aerobically, and anaerobically in 
Brown’s* jar. Semisolid mediiun in long tubes should also be em- 
ployed but care is needed to avoid mistaking small particles of precipi- 
tate for actual colonies of bacteria. To make certain of growth of 
microorganisms in semisolid medium, however, subplanting to a pre- 
cipitate-free, dialysate medium is required. 

By following this method minute microorganisms which are ob- 
scured, or simulated, by precipitate in the Smith-Noguchi medium, 
can be identified. 


CONCLUSIONS. 

The transmission of a clinical condition similar to typical, infectious 
common cold from man to man with the filtered nasopharyngeal 
washings of early cases of the disease indicates that the indtant is 
filterable, thus confirming the earlier observations of Kruse and 
Foster. 

Gates, F. L., J. Exp. Med., 1922, xxxv, 635. 
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Experiments on rabbits with these secretions and cultivation tests 
show that the materials derived frcxoi patients with common colds are 
distinct in effects from those of epidemic influenza.- 

Cultivations of the nasophaiyngeal washings from 40 cases, and 
from the lung tissue of inoculated rabbits, have failed to reveal any 
constant, pathogenic agent, or indtant. Although a careful search 
was made for the “globoid bodies” of Foster in these materials, we 
have been unable to find them. None of these cultures, furthermore, 
yielded Bacterium pneumosintes. 
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STUDIES CONCERNING THE INFLUENCE OF A DIS- 
TURBANCE IN THE ACID-BASE EQUILIBRIUM 
OF THE BLOOD ON RENAL FUNCTION 
AND PATHOLOGY.* 

Study I. The Effect of Acid and Alkaline Solutions on 
Renal Function and Pathology in Normal 
Dogs. 

By .WM. deB. MacNIDER. 

{From the Laboratory of Pharmacology, University of North Carolina.) 

INTRODUCTION. 

The following studies axe not primarily concerned with the pro- 
• duction of renal injuries by the use of acid and alkaline solutions 
in the sense of obtaining nephropathic processes which are com- 
parable to injuries which may be induced experimentally in animals 
by various nephrotoxic substances, and which occur in man from a 
variety of causes. The main interest in the different series of exper- 
iments has been to observe the functional and pathological re- 
sponse of the kidneys when these organs were furnished a blood of 
altered chemical composition by the introduction of an acid or an 
alkaline solution. 

The ability of cells to functionate in a normal manner is pro- 
foundly influenced by the proper balance between hydrogen and 
hydroxyl ions in the fluid which bathes the cells and which gives to 
them their ever changing physico-chemical environment. 

L. J. Henderson' in one of his numerous contributions to this 
field of investigation has stated so clearly the importance of the 
physico-chemical environment of cells that I take th6 liberty of quot- 
ing one of his statements. “The right working of physiological 
processes depends upon an accurate adjustment and preservation of 
physico-chemical conditions within the body. Throughout the 

* Aided by a grant from The Rockefeller Institute for Medical Research. 
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animal body, while life exists, there occurs a regular formation of 
acid substances, excretory products of metabolism. Through re- 
sulting changes in equilibria between bases and adds, normal metabo- 
lism steadily operates to lower the invar3dng alkaline (neutral) 
reaction of the body. Like temperature and osmotic pressure, the 
neutrality or alkalinity is adjusted by a mechanism within the body, 
but permanently maintained by exchanges with the enviromnait.” 

In the studies which are to follow, the kidney has been selected 
as the organ in which to observe the influence of changes in this add- 
base balance of the blood on its function and pathology for two 
reasons. In the first place the product of the kidney’s functional 
response can be easily obtained and its composition determined. 
The kidney, unlike such organs as the liver, lends itself to a variety 
of fairly accurate functional tests which can be easily performed. 
Secondly; one of the essential functions of the kidney in health, as 
well as under the strain of certain diseased states, is to maintain dther 
by elimination or retention of hydrogen and hydroxyl ions such a, 
balanced neutrality of the blood that the kidney as well as other 
groups of cells may have a proper physico-chemical environment 
in which to functionate in a normal manner. For this latter reason 
in particular, it is of interest to study the functional and pathological 
response of the normal and previously diseased kidney when that 
physico-chemical balance of the blood which it so largely maintains 
at a point of neutrality is disturbed by the introduction of an acid 
or an alkaline solution. 

The following investigation is divided into three parts. The first 
study is concerned with the influence of acid and alkaline solutions 
on renal function and pathology in normal animals. The second 
part deals with the influence of acid and alkaline solutions of the 
same strength on renal function and pathology in naturally nephro- 
pathic animals. The third part of the study is concerned with the 
ability of an alkaline solution to protect both the normal and naturally 
n^hropathic kidney against injury from an acid solution. 

The literature dealing with the effect acids and alkalies when introduced into 
organisms has been mainly concerned with the metabolic disturbance induced by 
such injections, and with the way in whidi the disturbance which takes place in 
the acid-base equilibrium of the blood is readjusted. Only incidental attention 
has been paid to the influence of such solutions on renal function and pathology. 
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In a study concerning the alkalescence of the blood, Lassar^ observed, by crude 
methods of determination, a decrease in the alkalinity of the blood in dogs that had 
received an acid intravenously. In 1877, Walter,® in a research concerning the 
action of acids on the animal organism, made the observation that in animals killed 
by the injection of acid into the blood, the blood apparently remained alkaline. 
He noted a depletion in the bases of the blood as shown by a decrease in the car- 
bon dioxide tension, and furthermore made the observation of an increase in 
ammonia in the urine. The animals succumbed from a respiratory type of death 
which could be delayed by the use of sodium carbonate. 

Loeb^ in 1898 pointed out that whenever oxidations are impaired in tissues, the 
osmotic pressure rises, and ascribes this to an accumulation of incompletely oxi- 
dized metabolic products, particularly acids. He observed that under such 
conditions muscle tissue took up water and became edematous. In later publica- 
tions®'® Loeb has shown the importance of carbonates in the maintenance of the 
neutrality of tissue fluids and the media surrounding living cells. 

Hoppe-Seylcr and Araki,’in one of the early and important papers on cell 
oxidations, made the observation that an interference with such processes leads to 
the abnormal production and accumulation of acids. 

In the same year Hofmeister® demonstrated the influence on colloidal swelling 
of variations in the concentration of hydrogen and hydroxyl ions. 

Some years later than these observations the studies of Fischer®*^® on edema 
and nephritis provoked much clinical interest and led to such critical analyses of 
the importance of a disturbance in the acid-base equilibrium of the organism as a 
factor in inducing edema and nephritis as are found in the study by Henderson, 
Palmer and Newburgh.^^ 

The more recent literature has been concerned with the effect of acid and alkaline 
solutions on metabolism and to a less extent with the ability of such changes in the 
blood as these solutions induce to injure the kidney. 

In 1918 Borns tcin and Lippmann^- suggested that the products of vigorous 
metabolism occurring in swimmers and in men subjected to heavy marching were 
a cause of certain transitory albuminurias. They noted a striking parallelism 
between the output of albumin and the presence of cylindroids in the urine with the 
acidity of the urine. The presence of both albumin and cylindroids was checked 
by the use of an alkali. 

Fitz, Alsberg and Henderson,^® in a study of the excretion of phosphoric acid 
during an experimental acidosis in rabbits induced by giving hydrochloric acid, 
demonstrated that phosphates, as the mono and dipotassium phosphates, consti- 
tuted a nearly neutral solution which had the property of taking up large qiianti- 
tics of acid or alkali. They concluded that slight changes in hydrogen ionization 
can hardly be without influence on the catalytic reactions of protoplasm. 

Nagayama,^^ in his studies on renal activity and the’ acid-base equilibrium, 
observed the urea-excreting activity of the kidney to be less after administering 
an acid phosphate than after a neutral phosphate of the same phosphorus content. 
He concludes that the decrease in the alkalinity of the plasma decreases the urea- 



120 


ACID AND ALKALINE IN NORMAL DOGS 


excreting functionof the kidney. Alkaline phosphates in equivalent amount to the 
acid phosphate had no appreciable effect. 

The influence of add and alkaline solutions has been studied in even more 
fundamental relations than their effect on metabolism and renal function. 
Jewell** in a study on the effect of hydrogen ion concentration and the oxygen 
content of water upon tadpoles, observed the optimum hydrogen ion concentration 
to be approximate neutrality. Variations from this in either direction, as well 
as low temperature and low oxygen content of the water, progressively decreased 
both the rate and total amount of regeneration in tadpoles. 

In two studies*®’*’ from this laboratory, it has been shown that the toxicity of 
uranium nitrate, which induces in part its injurious effect through the establish- 
ment of a disturbance in the add-base equilibrium of the blood, is in large measure 
dependent upon the age of the organism in which a given degree of disturbance in 
this balance is induced. The tissues of old animals are more susceptible to such 
a disturbance than are the tissues of young animals. At a later date McArthur** 
confirmed these observations by demonstrating in planarians a decrease in the 
tolerance to acid and alkaline solutions as the age of the organism increased. 

The following investigations have been undertaken to study the 
functional and pathological response not of the organism as a whole, 
but of an easily accessible organ, namely the kidney, to a disturbance 
in its physico-chemical environment induced by the introduction 
of acid and alkaline solutions into the blood stream. 

STUDY 1 . 

The Effect of Acid and Alkaline Solutions on Renal Function and 
Pathology in Normal Dogs. 

TECHNIQUE OF EXPERIMENTS. 

Thirty-eight normal dogs were used in this series of experiments. Eighteen of 
these animals were used in the first part of the study and were given intravenously 
a solution of hydrochloric acid. Six of the animals were employed as controls and 
were not subjected to the action of the acid solution. The remaining eighteen 
animals of the series were used in the second part of the investigation and, with the 
exception of six animals that were reserved for control experiments, were given 
intravenously an alkaline solution. 

The observations on these animals prior to any experimental interference has 
been similar to that described in previous publications. The dogs were kept in 
metabolism cages for four days before the day of experiment and were fed on lean 
raw beef and bread made from com meal. Two hundred and fifty c.c. of water 
was given twice a day by stomach tube. The urine was collected twice a day and 
subjected to the routine qualitative analysis for albumin, glucose and diacetic 
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acid. Microscopic examinations were made each day from catheterized specimens. 
Two days before the day of experiment the functional response of the kidney was 
determined by the phenolsulphonephthalein test as conducted by Rowntree and 
Geraghty.^® The elimination of the dye was estimated for a two hour period. 
For four days prior to the experiments the reserve alkali of the blood was deter- 
mined by the method of Marriott.*® 

The technique employed in the experiments was as follows: Three hours before 
commencing an experiment the animal was given 250 c.c. of water by stomach tube. 
At the end of this period the animals were anesthetized by Gr^hant’s* anesthetic 
in 60 per cent, strength. An hour was allowed for the development of a satisfactory 
state of anesthesia to permit the necessary operative interference. The animals 
were placed in a wooden operating rack which fits into the concavity of a copper box 
containing hot water. By -such a device which was first employed in Sollmann^s 
laboratory, an attempt was made to maintain the animaPs normal body tempera- 
ture during the period of the experiment. A tracheal canula was introduced for 
use in case it became necessary to employ either during the anesthesia. The 
carotid artery was exposed, a canula tied in place and connected in the usual 
manner to a mercury manometer. The femoral vein was exposed, a canula 
tied in place and connected with a burette. Through this connection the acid or 
alkaline solutions were introduced into the animals. The abdomen was opened 
through a small midline incision and canulas tied into each ureter. Urine flow 
was determined in drops per minute. 

During the course of the experiments samples of blood were obtained from either 
the unused femoral vein or the external jugular veins for making determinations 
of the alkali reserve of the blood. 

At the conclusion of the operative part of the experiments all of the animals were 
given intravenously 25 c.c. per kilogram of a warm 0.9 per cent, sodium chloride 
solution with the object in view of producing a free flow of urine. 

NORMAL DOGS. 

The Effect of a N/2 Solution of Hydrochloric Acid on Renal 
Function and Pathology. 

Eighteen normal dogs were used in this series of experiments. Six of the dogs 
were used for control experiments. These animals received the intravenous 
injection of isotonic sodium chloride solution but were not given the acid solution. 
The experiments lasted over a four hour period. For the first two hours of this 
period observations were made on carotid blood pressure, urine flow and the reserve 


* Gr6hant’s Anesthetic. The animal is given 0.25 c. c. per kilogram of a 4 per 
cent, solution of morphine sulphate. This is followed in half an hour by 10 c. c. 
per kilogram of the following mixture: Chloroform, 50 c. c.; alcohol and water, 
each 500 c. c. 
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alkali of the blood at half hour intervals. For the last two hours of the experiments 
these observations were made at hour intervals. 

The urine formed by the animals during the course of the experiments was 
collected at the end of the first two hour period and examined for albumin, casts 
and diacetic acid. At this stage of the experiment 1 c.c. of the usual solution of 
phenolsulphonephthalein was injected subcutaneously, the urine collected for the 
remaining two hour period, and the quantitative output of the dye determined. 

At the end of the experiments the kidneys were removed and the tissue fixed 
in a corrosive acetic solution, Zenker’s fluid, 95 per cent< alcohol, and in a 10 per 
cent, formaline solution. Sections from this tissue were stained with haematoxylin 
and eosin and with eosin and methylene blue. Fresh kidney tissue was frozen 
and sections made. Such sections were stained for lipoid material by Herxheimer’s 
Scharlach R method. The deductions which will be made concerning the pathol- 
logy of the kidney in the various series of experiments are based on a histological 
study of such sections. 

Immediately following the initial observations on urine flow and blood pressure, 
the animals of this series other than the animals of the six control experiments, were 
given intravenously 5 c. c. per kilogram of a N/2 solution of hydrochloric acid. 
At the end of the first hour of the experiments, the injection was repeated. The 
results obtained from such injections as contrasted with the control experiments 
will be found in Table 1, Study 1. 

A study of this table shows that all of the animals prior to the commencement 
of the experiments were normal, in so far as renal function and a normal alkali 
reserve of the blood were concerned. The urine was free from albumin, glucose 
and diacetic acid. Tube casts were not present. The elimination of phenol- 
sulphonephthalein by the respective animals in a two hour period varied from a 
minimum output of 58 to a maximum output of 84 per cent. The reserve alkali of 
the blood in the different animals varied from 8.0 to 8.1. 

Control Experiments, 

Six normal dogs have been used for control experiments to ascertain the effect 
of Gr6hant’s anesthetic on renal function and the acid-baso equilibrium of the 
blood during an experimental period of four hours and to note the changes in the 
kidney at the end of such a period of anesthesia. The results obtained in four of 
these animals, Eaq)eriments 1, 4, 7 and 10, are included in Table 1. 

Immediately following the development of a satisfactory state of anesthesia the 
animals were given intravenously 25 c. c. per kilogram of 0.9 per cent, sodium 
chloride solution. Following the use of the solution of sodium chloride all of the 
animals developed a fair state of diuresis. The flow of urine in the respective 
animals varied from 8 to 16 drops per minute. The systolic blood pressure in the 
different animals varied from a minimum of 112 mm. of mercury in the animal 
of Experiment 4, to a maximum of 138 mm. of mercury in the animal of Experi- 
ment 10. 
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At the end of the first hour period of the experiments the reserve alkali of the 
blood remained tmchanged from the normal readings obtained prior to the use of 
the anesthetic. At this stage there had developed a slight reduction in the systolic 
blood pressure of all of the animals. The flow of urine in the animal of Experiment 
10 showed an increase from 8 to 13 drops per minute. The urine flow in all of the 
other control animals had imdergone a slight reduction. In the animal of Experi- 
ment 1, urine flow was reduced from 12 to 9 drops per minute, in Experiment 4, 
from 16 to 12 drops per minute, and in Experiment 7, from 10 to 7 drops per 
minute. 

At the end of the second hour of the experiments but little change had taken 
place in the general condition of the animals or in the functional response of the 
kidneys. 

The reserve alkali of the blood in all of the animals, except the animal of Experi- 
ment 7, had undergone a slight depletion. In the animal of Experiment 1, the 
reserve alkali was reduced from the normal reading of 8.1 to 8.0, in Experiment 4, 
from 8.0 to 7.95, and in Experiment 10, from 8.1 to 8.0. 

All of the animals remained diuretic. The urine flow in the animal of Experi- 
ment 1 had increased from 10 to 16 drops per minute, and in Experiment 4 the 
animal showed an increase in urine formation from 8 to 17 drops per minute. In 
the remaining animals the flow of urine was reduced. In the animal of Experi- 
ment 7, the flow of urine was reduced from 10 to 8 drops and in the animal of 
Experiment 10, from 6 to 4 drops per minute. 

At this stage of the experiments the systolic blood pressure of the respective 
animals showed but slight change from the normal readings. The lowest blood 
pressure was 106 mm. of mercury and the highest pressure was 127 mm. of 
mercury. 

At the termination of the experiments, four hours after the initial observations, 
all of these control animals showed a reduction in urine formation. The flow of 
urine in the animal of Experiment 4 was reduced from 17 to 12 drops per minute, 
while in the animal of Experiment 10 urine formation had been reduced from 6 
drops to 1 drop per minute. 

The reserve alkali of the blood at the end of the four hour period not only failed 
to show a further depletion from that noted at the end of the second hour of the 
experiments, but in two of the animals there had developed during the last two 
hours of the period an attempt to restore the normal acid-base equilibrium of the 
blood. In the animal of Experiment 1 , the reserve alkali of the blood had increased 
during the latter half of the experimental period from 8.0 to 8.1. In the animal 
in Experiment 4, an increase had taken place from 7.95 to 8.0. 

It is interesting to note that in these animals urine formation was in excess of 
the other control animals which during the period of anesthesia not only showed a 
reduction in the reserve alkali of the blood but also showed an inability to readjust 
the acid-base equilibrium of the blood. 

During the period of anesthesia the systolic blood pressure in all of the animals 
showed some reduction. This was most marked in the animal of Experiment 10, 
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STUDY I. 


Normal Dogs, The Effect of a N/Z Solution of 


Number 

ol 

Experi- 

ment 

Urine 

Phtbalein 
2 hour 
period 

RpH 

Gr6hant’s 

Anesthetic 

60% 

Urine 

minute 
Bl. Pres, 
mm. Hg 

Acid or Alkali 

RpH ^ 
end of 
Ist half 
hour 

Urine 

m^te 
Bl, Pres, 
mm. Hg 

R.pH 
end of 
2nd half 
hour 

Urine 

minute 

Bl Pres, 
mm. Hg 

1 

Control 

Normal 

77% 

8 1 

25 cc. per kg. 

0 9%NaCl 

Urine 12 
B. P. 123 

0 

8 1 

Urine 14 

B P. 120 

8 1 

Urine 9 
B.P 120 

4 

Ccmtrol 

Normal 

«S% 

80 

25 cc per kg. 

0 9% NaCl 

Urine 16 

B. P. 112 i 

1 

0 

80 

Urine 14 
B.P 117 

80 

Urine 12 

B P. 108 

7 

Control 

Normal 

74% 

8 1 

25 cc per kg. 

0 9% NaCl 

Urine 10 
B. P 126 

0 

8 1 

Urine 12 

B P 131 

8 1 

Urine 7 
B.P 112 

10 

Contiol 

Normal 

«2% 

8 1 

25 cc per kg 

0 9% NaCl 

Urbe 8 
B.P 138 

0 

8 1 

Urine 9 

B P 130 

8 1 

Urine 13 
B.P 124 

5 

Normal 

84% 

8 1 

25 cc per kg 

0 9% NaCl 

Urine 11 

B P 112 

See per kg 

N/2 HCl 

7 9 

Urine 27 

B P 131 

8 05 

Urine 31 

B P 130 


Normal 

68% 

80 

25 cc per kg 

0 9% NaCl 

Urine 9 

B P 131 

See per kg 

N/2 HCl 

7 9 

Urine 14 

B P. 136 

7 95 i 

Urine 16 

B P 128 

8 

Normal 

70% 

8 0 

25 cc per kg 

0 9% NaCl 

Urine 12 

B P. 118 

See per kg. 

N/2 HCl 

7 9 

Urine 22 

B P 124 

7 9 

i 

Urine 20 

B P 124 

12 

Normal 

67% 

8 1 

25 cc per kg. 

0 9% NaCl 

Urine 6 

B P. 124 

1 

5 cc per kg 

N/2 HCl 

78 

Urine 18 
B.P 116 

7 95 

Urine 10 

B P 120 

13 

Normal 

58% 

8 0 

25 cc per kg 

0 9% NaCl 

Urine 4 
B.P. 114 

5 cc per kg. 
N/2 HCl 

7 9 

Urine 26 

B P 118 

8 0 

Urine 18 

B P 108 

14 

Normal 

60% 

80 

25 cc per kg 

0 9% NaCl 

Urine 13 
B. P. 100 

See per kg 

N/2 HCl 

i 

7 9 

Urine 36 

B P 110 

7 95 

Urine 14 

B P. 100 

16 

Normal 

74% 

8 0 

25 cc per kg. 

0 9% NaCl 

Urine 16 
B. P. 126 

5cc per kg 

N/2 HCl 

7 75 

Urine 48 

B P 132 

1 

Urine 20 
B.P 108 

18 

Normal 

58% 

8 1 

25 cc per kg 

0 9% NaCl 

Urine 7 

B P. 135 

5 cc. per kg 

N/2 HCl 

7 9 

Urine 30 
B.P 140 

8 0 1 

Urine 18 
B.P 140 


in which a reduction occurred from the normal of 138 mm. of mercury to 110 mm. 
of mercury. 

At the commencement of the last two hours of the experiments all of the animals 
were given subcutaneously 1 c. c, of a solution of phenolsulphonephthalein for a 
renal function test. The elimination of the dye was slightly reduced in all of the 
animals. The most marked reduction was in the animal of Experiment 10. The 
normal elimination for this animal before the experiment was 82 per cent. During 
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TABLE 1. 


Eydrochhric Acid on Renal Function and Patholoiy. 


Acid or Alkali 

RpH 
end of 
3rd half 
hour 

Urine 

o£ute 
BlPres 
mm Hg 

R.pH 
end of 
4th half 
hour 

Urine 

1 per 
minute 
BLPres. 
mm Hg 

R.pH 
end of 
3rd 
hour 

Urine 

mmute 
BlPrea. 
mm Hg 

RpH 
end of I 
4th 
hour 

Urine 

minute 

B1 Pres, 
mm Hg 

Phthalein 
2 hour 
period 

Albumin 

and 

Casts 

Diacetic 

acid 

0 

8 1 

Urine 10 

80 

Urine 16 

80 

Urine 8 

8 1 

Urine 8 

65% 

0 

0 



B. P. 118 


B. P. 127 


B P. 116 


B. P. 120 




0 

7 95 

Urme 8 

7 95 

Urine 17 

7 95 

Urine 12 

80 

Urine 11 

50% 

0 

0 



B P 112 


B. P. 106 


B. P. Ill 


B. P. 105 




0 

6 1 

Urine 10 

8 1 

Urine 8 

t.os 

Urine 5 

8 05 1 

Urine 4 

66% 

Trace of al- 

0 



B.P. 116 


B. P. 120 


B P. 122 


B P. 108 


bumin 

No casts 


0 

8 1 

Unne 6 

80 

Urine 4 

80 1 

Urme 3 

80 

Urine 1 

65% 

0 

0 



B P 118 


B.P, 116 


B. P. 120 


B. p. no 




See per kg 

7 9 

Urine 16 

79 

Urine 8 

79 

Urine 4 

7 95 

Urine 5 

40% 

Present 

Present 

N/2 HCl 


B. P. 128 


B P 133 


B P. 127 


B P. 120 1 




S cc per kg. 

7 8 

Urine 7 

7 85 

Urine 2 

7 9 

Urine 0 

7 9 

Urine 2 

50% 

Heavy trace 

Present 

N/2 HCl 


B.P 120 


B P 125 


B. P. 131 i 


B.P. 118 


Casts 


See per kg 

7 8 

Urine 18 

7 9 

Urine 11 

1 7 85 

Urine 4 

7.95 

Urine 1 

25% 

Heavy trace 

0 

N/2 HCl 


B P 127 


B P. 120 


B p no 

j 

B P. 103 

i 

1 

Casts 


See per kg. 

7 8 

Urine 10 

7 8 

Unne 10 

7 9 

Urme 4 

7 9 

Urine 4 

30% 

Heavy trace 

Present 

N/2 HCl 


B P 105 


B P. 108 


B.P no 


B.P. 114 


Casts 


See per kg 

7 85 

Urine 10 

7 85 

Urine 5 

7 9 

Urine 2 

7 9 

Urine 2 

20% 

Heavy trace 

Present 

N/2 HCl 


B P 118 


B.P 108 


B.P. no 


B P. 112 


Casts 


5 cc per kg 

7 8 

Urine 4 

7 95 

Urine 1 

7 95 

Urine 1 

7 95 

Urine 1 

35% 

Very heavy 

0 

N/2 HCl 








in 2 


trace 










minutes 


Casts 




B P 108 


B P 108 


B P. 100 


B P 91 




See per kg 

7 75 

Unne 20 

7 75 

Urine 8 

7 8 

Unne 5 

7.9 

Urine 6 

50% 

Very heavy 

Present 

N/2 HCl 


B P. 112 


B p. no 


B P. 105 


B P. 100 


trace 












Casts 


See per kg 

7 85 

Urine 12 

7 9 

Urine 10 

7 95 

Unne 10 

7 95 

Urine 8 

50% 

Faint trace 

Present 

N/2 HCl 


B.P 140 


B. P. 130 


B P 120 


B P. 125 


No casts 



the last two hours of the experimental period the output was 65 per cent. The 
eliminations of the dye by the other animals of the control series varied from a 
minimum output of SO per cent, to a maximum output of 66 per cent. 

Urine collected during the course of the control experiments with one exception 
was free from albumin and diacetic acid. The urine from the animal of Experi- 
ment 7 contained a trace of albumin but no casts. 
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ACn> AND AUKAUNE IN NORMAL DOGS 


The histological study of the kidneys from the control group of animals has 
shown but slight evidence of injury. The amount of stainable lipoid material is in* 
creased in the cells of the loops of Henle over that found in nori^ unanesthetized 
dogs. There occurs a moderate grade of cloudy swelling in the epithelium of 
some of the convoluted tubules. These cells have failed to show vacuolation or 
necrosis. Fig. 1, Study 1. 

Conclusions Concerning the Control Group of Animals. 

1. Gr6hant’s anesthetic induces a satisfactory state of surgical 
anesthesia in normal dogs for a period of four hours. 

2. During such a period of anesthesia there occurs in all of the 
animals some reduction in blood pressure. The maximum reduction 
has been 28 mm. of mercury. 

3. AH of the animals have remained diuretic during the course 
of the experiments but the flow of urine per minute has been reduced. 

4. The elimination of phenolsulphonephthalein is reduced. The 
maximum output of the dye in a two hour period has been 66 per 
cent, and the minimum output 50 per cent. 

5. With one exception the urine from all of the control animals 
has been free from albumin, casts and diacetic acid. 

6. Three of the six control animals showed no reduction in the 
alkali reserve of the blood during the experimental period while the 
three remaining animals showed a depletion. Two of these animals 
during the last two hours of the experiments were able to re-establish 
a normal acid-base equilibrium of the blood to the reading obtained 
before the commencement of the experiments. Urine formation 
by these animals was in excess of the amount formed by those animals 
in which a re-establishment of the acid-base equilibrium of the blood 
was not effected. The animal of the series (Experiment 10) in 
which the most marked depletion in the alkali reserve of the blood 
developed was the least diuretic member of the group and the elimi- 
nation of phenolsulphonephthalein by this animal showed a greater 
reduction than was shown by any other member of the series of 
control animals. 

The observation of outstanding interest in connection with this 
group of animals is that after the early stages of the experiments 
when a depletion in the alkali reserve of the blood has been induced, 
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such normal animals may, as the duration of the experiments is 
prolonged, effect a re-establishment of this depletion. Associated 
with such a restoration in the blood chemical environment of the 
kidney urine formation and phenolsulphonephthalein elimination are 
favored. 

The EJfect of a N/2 Solution of Hydrochloric Acid on Renal Function 
and Pathology in Normal Dogs. 

Twelve animals were used in this scries of experiments. The experiments were 
conducted in an identical manner with the previously described control group, with 
the exception that after the initial observations had been made the animals were 
given intravenously 5 c. c. per kilogram of a N/2 solution of hydrochloric add. 
Thi^ injection was repeated at the end of the j&rst hour of each experiment. 

Eight representative experiments are induded in Table 1, Study 1. 

Studies made of the animals before the experiments showed them to be normal. 
The urine was free from albumin, glucose and diacetic acid. The elimination of 
phenolsulphonephthalein by the respective animals varied from 58 to 84 per cent 
The reserve alkali of the blood varied from 8.0 to 8.1. 

Following the development of a state of anesthesia and the routine operative 
interference the dogs were given intravenously the usual injection of isotonic 
sodiiun chloride solution. A fair degree of diuresis ensued. The flow of urine by 
the different animals varied from 4 to 16 drops per minute. 

The systemic blood pressure varied from 100 mm. to 135 mm. of mercury. 

At this stage of the experiments the animals were given intravenously the solu- 
tion of hydrochloric acid. Such injections induced a fast, followed by a slow and 
deep type of respiration which gradually became normal. 

The immediate effect of such an injection was to reduce rapidly the reserve 
alkali of the blood in all of the animals. The maximum reduction from the normal 
of 8.0 to 7.75 developed in the animal of Experiment 16. In the animal of Experi- 
ment 12, the reserve alkali was reduced from 8.1 to 7.8, while in the remaining 
animals no reduction occurred below 7.9. 

The result of such an injection in normal animals early in the experimental 
period is very constant. By the end of the second half hour period all of the 
animals had become markedly diuretic, and with one exception, they had either 
restored their normal acid-base equilibrium or they were in the process of such a 
restoration. For example: the animal of Experiment 16 had a normal alkali 
reserve of the blood of 8.0. Following the acid injection this was reduced to 7.75. 
The urine flow increased from 16 to 48 drops per minute and within an hour the 
reserve alkali had risen to 7.9. The animal of Experiment 13 had a normal alkali 
reserve of 8.0. Following the use of the acid solution the reserve alkali was reduced 
to 7.9. The flow of urine increased from 4 to 26 drops per minute and at the end 
of the first hour period the alkali reserve had been restored to the normal reading of 
8 . 0 . 
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ACID AND ALKALINE IN NORMAL DOGS 


During this early period of the experiments very slight changes developed in the 
systolic blood pressure of the animals. The blood pressure for the different animals 
varied from 100 to 140 mm. of mercury. 

At the end of the second half hour period of the experiments the second and 
final injection of 5 c. c. per kilogram of a N/2 solution of hydrochloric acid was 
given. At this period of the experiments all of the animals were more freely 
diuretic than they were before the first acid solution was administered. The 
reserve alkali of the blood had either been restored to the normal or it had increased 
from the reduction induced by the first add injection. 

The second intravenous injection of the add was followed by a disturbance in 
the breathing such as been referred to and by an associated and abrupt reduction 
in the reserve alkali of the blood. The maximum reduction occurred in the animal 
of Experiment 16, in which the alkali reserve was reduced to the same reading as 
was obtained from the first acid injection 7.75. The least reduction occurred in 
the animal of Experiment 5, in which the reserve alkali was depleted from 8.05 
to 7.9. The remaining animals showed an alkali reserve which varied from 7.8 to 
7.85. 

The reductions in the alkali reserve of the blood from the second injection of 
the acid solution were in general greater than from the first injection. The effect 
on urine formation and the rapidity with which an attempt is made to restore the 
acid-base equilibrium of the blood following the second injection of such a solution 
is strikingly different from that obtained when the first injection of an acid solution 
was used. 

Following the second injection of the hydrochloric acid solution there was no 
increase in urine formation by any of the animals. With two exceptions urine 
formation was reduced, while in Experiments 12 and 16 no change occurred in the 
formation of urine. By the end of the first hour following the second dose of the 
hydrochloric acid solution a further reduction in urine formation had developed so 
that the maximum formation of urine by any animal of the series, Experiment 8, 
was 11 drops per minute, while the minimum output by the animal of Experiment 
14, was 1 drop per minute. 

The respective animals at this stage of the experiments manifest an inability 
to restore the acid-base equilibrium of the blood, and associated with this change 
in the physico-chemical state of the blood which is furnished the kidney there is a 
reduction in urine formation. For example, following the first injection of the 
acid solution in the animal of Experiment 16, the reserve alkali of the blood was 
reduced to 7,75, and within an hour it was restored to 7.9. The second injection 
of the acid solution in this animal reduced the alkali reserve to the same reading, 
7.75, and at the end of an hour no change had taken place in the reading. No 
increase in urine formation occurred. In the animal of Experiment 13, the reserve 
alkali of the blood was reduced by the first acid solution from the normal of 8.0 
to 7.9. At the end of an hour this reading had returned to the normal and the 
kidney was functionally active. Following the second injection of the acid solu- 
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tion the reserve alkali was reduced from 8.0 to 7.85, and at the expiration of an 
hour no change had taken place in the degree of depletion. Urine formation 
was decreased. 

The response of these normal animals to a second injection of hydrochloric acid 
solution differed from the initial response of the animals in that in general a greater 
reduction in the alkali reserve of the blood develops; the animals do not become 
diuretic but on the contrary usually show a reduction in urine formation; and 
finally there is either no attempt on the part of the animals to restore the acid-base 
equilibrium of the blood in an hour period or the restoration is delayed as compared 
with the resp)onse of the animals to the first injection of such an acid solution. 

During the remaining two hours of the experiments there occurred a gradual 
reduction in urine formation. At the end of the e^eriments the maximum output 
of urine by the animal of Experiment 18 was 8 drops per minute. The minimum 
output by the animal of Experiment 14, was 1 drop every two minutes. 

During the last two hours of the experiments the reserve alkali of the blood 
showed a gradual increase but in none of the animals was the normal reserve alkali 
re-established. These readings for the respective animals varied from 7.9 to 7.95. 

The systolic blood pressure in the different animals has been well maintained 
throughout the experiments and has varied from 91 mm. of mercury to 125 mm. 
of mercury. 

The effect of the acid solutions on renal function are clearly shown by the 
changes in the urine and by the elimination of phenolsulphonephthalein. The 
urine of all of the animals showed the presence of albumin. This varied from a 
faint trace to a heavy precipitate. Both hyalin and granular casts were present 
in the urine of eight of the twelve dogs. Diacetic add was present in the urine of 
nine of the animals. 

All of the animals showed a decided reduction in the elimination of phenol- 
sulphonephthalein. The normal elimination of the dye by the animal of Experi- 
ment 5, was 84 per cent. As a result of the use of the acid solutions the elimination 
was reduced to 40 p)er cent. The animal of Experiment 13 had a normal elimina- 
tion of 58 per cent, of the dye. Following the experiment this was reduced to 20 
per cent. 

The histology of the kidneys of these normal animals that have received two 
intravenous injections of N/2 hydrochloric add shows the following changes. 
The amount of stainablc lipoid material appearing in the loops of Henle is very 
greatly increased over that which could be demonstrated in the same location in 
the control group of animals. Furthermore, such stainable material appears as 
droplets in cells of the convoluted tubules. The epithelium of the tubules, and 
especially that of the convoluted tubules, shows advanced doudy swelling and the 
acciunulation of granulas throughout the cytoplasm. The nudd frequently stain 
imperfectly. The cells have but rarely shown vacuolation and necrosis of the 
epithelium has not been observed. Fig. 2, Study 1. 



130 


ACm AMD AUCAUNE IN NORUAL DOGS 


Conclusions Concerning the Group of Normal Animals That Received 
a N/Z Solution of Hydrochloric Acid. 

1. Following the intrave^nous administration of 25 c.c. per kilo- 
gram of an isotonic solution of sodium chloride to normal dogs, 
there has developed in eight of the twelve animals receiving such a 
solution a moderate grade of diuresis. The flow of urine in the 
different animals has varied from 4 to 16 drops per minute. In 
four normal animals that recdved such injections there was no 
increase in urine formation. The introduction of such an amount 
of fluid increases the volume of blood, induces a temporary hydremic 
state of the blood, and causes a transitory rise in blood pressure. 
With such conditions favorable for urine formation, the kidneys 
respond to this normal type of solution by either no increase in urine 
formation or by an increase which does not exceed the maximum 
output of 16 drops of urine per minute. 

2. When these normal dogs, early in an experiment, before any 
damage has been induced in the kidneys, are given a solution of 
5 c.c. per kilogram of a N/2 solution of hydrochloric add intra- 
venously, the solution being essentially not a normal solution, a 
change is induced in the physico-chemical state of the blood which 
at once throws into operation a mechanism in the kidney in an at- 
tempt to re-establish a normal blood chemical environment for 
the organism and for its own functional response. The use of such 
an add solution at this early stage of the experiments caused a sudden 
reduction in the reserve alkali of the blood and a profuse diuresis. 
The greatest reduction in the reserve alkali of the blood was from a 
normal of 8.0 to 7.5. The most marked increase in urine formation 
occurred in the same animd. The flow of urine increased from 16 
to 48 drops per minute. 

Following the marked diuretic effect of such an add solution in 
an uninjured kidney, the animals have within an hour either 
established a normal acid-base equilibrium of the blood or such an 
increase has occurred in the reserve alkali of the blood that the read- 
ings approach the normal. 

There is a marked difference in the response of the kidney to these 
two types of solutions. The response of the normal kidney to an 
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isotonic solution of sodium cbloride, which does not delete the 
reserve alkali of the blood, is dther a negative response, or the diuretic 
effect is slight and not commensurate with the volume of fluid ad- 
ministered intravenously. The response of the normal kidney to 
an add solution of less volume, but an essentially abnormal solution 
of such a composition that it induces a marked reduction in the 
alkali reserve of the blood, is a profuse diuresis, and assodated with 
this functional response there occurs a partial or complete restora- 
tion of the add-base equilibrium of the blood. As this equlibrium is 
attained there develops a decrease in urine formation. 

3. A study of the urine formed by the different animals of the 
series at this stage of the e:q)eriments; viz., the end of the first hour, 
has shown the presence of albumin, and in the majority of the animals 
casts have also been present. It would appear that, even though 
the normal kidney could respond to the changed physico-chemical 
state of the blood induced by the add solution and in part re-establish 
a normal environment for the organism, an injury was done to the 
functional unit, the kidney, which in large measure effected such a 
readjustment. 

4. Following the second injection of the add solution, the evidence 
of the renal injury induced by the first injection of such a solution 
is seen by the lack of response of the kidney to the second injection 
even though the reserve alkali of the blood in the various animals 
was depleted to a greater extent than was the case from the first 
injection. With an even greater demand for the restoration by 
the kidney of a departure from the normal in one of the fundamental 
physico-chemical states of the blood, this injured functional unit is 
unable to make the necessary response. The second injection of 
the acid solution increased the flow of urine in only one animal of the 
series. In the other animals the flow of urine was dther reduced or 
it remained imaffected. During the remaining three hours of the 
experiments the reser\'e alkali of the blood was gradually inaeased 
but in none of the animals was the normal acid-base equilibrium 
of the blood attained. 
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The Effect of Alkaline SoltUions of Different Molecular Concen- 
tration on Renal Function and Pathology in Nornal Dogs. 

Ei^teen dogs were used in this series of experiments. The animals were 
subjected to an experimental technique identical with that outlined for the animals 
used in the first part of this study. The urine from all of these animals before the 
commencement of the experiments was normal. It did not contain albumin, 
casts, glucose, or diacetic acid. The elimination of phenolsulphonephthalein by 
the respective animals in a two hour period varied from a minimum output of 60 
per cent, to a maximum output of 80 per cent. The reserve alkali of the blood 
was normal and varied from 8.0 to 8.1. 

At the completion of the anesthesia with Gr6hant’s anesthetic the animals were 
were given intravenously the usual preliminary injection of 25 c. c. per kilogram of 
0.9 per cent, sodium chloride solution. Observations on urine flow, the reserve 
alkali of the blood, and systolic blood pressure were made at the usual intervals 
during the experiments. Eight of the animals were given intravenously 25 c.c. 
per kilogram of a solution of sodium carbonate equimolecular with a 1.5 per cent, 
solution of sodium chloride, while the remaining ten animals were given a similar 
amoimt per kilogram of a solution of sodium carbonate equimolecular with a 3 
per cent, solution of sodium chloride. 

The following studies have been made on the ability of normal dogs to readjust 
the physico-chemical state of the blood, when this environment has departed from 
the normal by the introduction of alkaline solutions of the concentrations above 
mentioned. Associated with such a study observations have been made on the 
functional and pathological response of the kidney when the blood chemical envi- 
ronment of this organ is made to depart from the normal by the use of such solutions. 
Twelve experiments representative of the results obtained in this group of animals 
are incorporated in Table 2, Study 1. 

The Effect of a Solution of Sodium Carbonate Equimolecular with 
1.5 Per Cent. Sodium Chloride Solution on Renal 
Function and Pathology. 

A study of Experiments 7, 8, 10 and 12 of Table 2, which are representative of 
this group of animals, shows that following the intravenous injection of a solution 
of isotonic sodium chloride a fair degree of diuresis was established in the different 
animals. The flow of urine has varied from 6 to 12 drops per minute. The systolic 
blood pressure in the animals of the series varied from 105 to 126 mm. of mercury. 

Following the intravenous injection of 25 c. c. per kilogram of a solution of 
sodium carbonate equimoleqdar with a 1.5 per cent, solution of sodium chloride, 
the reserve alkali of the blood in all of the animals was at once increased above the 
normal. In three of the animals the reserve alkali was increased from the normal 
of 8.0 to 8.2, in two animals from 8.1 to 8.2, while in the remaining animal the 
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increase was from 8.0 to 8.15. Immediately following this degree of disturbance 
in the acid-base equilibrium of the blood there was established a free diuresis by 
all of the animals. The maximum formation of urine occurred in the animal of 
Experiment 7. Following the intravenous administration of an isotonic solution 
of sodium chloride to this animal the flow of urine was only 7 drops per minute. 
After the intravenous injection of an equal volume per kilogram of the sodium 
carbonate solution the flow of urine increased from 7 to 42 drops per minute. 
Associated with the free diuretic effect obtained from such a solution of sodium 
carbonate there occurred a rapid depletion in the alkali reserve of the blood, so 
that by the end of the first hour of the experiments the reserve alkali of the blood 
in all of the animals with two exceptions had returned to the normal. At this 
stage of the experiments there had occurred a moderate increase in the systolic 
blood pressure in all of the animals. The maximum rise in pressure of 23 mm. of 
mercury developed in the animal of Experiment 10. 

At the end of the first hour of the experiments, while the animals were freely 
diuretic and in the process of establishing a normal acid-base equilibrium of the 
blood, a second injection of the sodium carbonate solution was given. The result 
obtained from the second administration of the alkali was to increase the alkali 
reserve of the blood again to a point beyond the normal. The increase did not 
exceed in any of the animals the readings obtained from the first injection. 

The effect of a second injection of the carbonate solution on renal function was 
to induce a secondary increase in urine formation which was not in excess of the 
amount of urine formed by the animals from the first injection of the alkaline 
solution. 

Within half an hour following the second carbonate injection there occurred 
a reduction in the alkali reserve of the blood toward the normal in all of the 
animals except the animal of Experiment 10. In this animal the reserve alkali 
was not depleted but remained unchanged at a reading of 8.2. 

During the remaining two hours of the experiments the animals continued to 
be freely diuretic, and the reserve alkali of the blood was gradually returned to the 
normal reading in all of the animals except those of Experiments 7 and 10. These 
animals had at the commencement of the experiments normal alkali reserve deter- 
minations of 8.0. At the end of the experiments the alkali reserve readings for 
these animals were 8.05. Such readings are within the limits of the normal. 

Urine collected from all of the animals during the course of the experiments was 
free from albumin and casts. The urine from the animal of Experiment 8 con- 
tained diacetic acid. 

Phenolsulphonephthalein determinations showed but slight reductions in the 
elimination of the dye when contrasted with its output by the animals before the 
commencement of the experiments. The maximum reduction in the elimination 
occurred in the animal of Experiment 10. The normal elimination for this animal 
was 80 per cent. At the termination of the experiment the output of the dye in a 
two hour period was 68 per cent. 
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8 15 

8.15 

8 2 

8 15 

8 3 

8 45 

8 35 

8.3 

8 3 

8 35 

8 4 

8 2 

R.pH 
end of 
3rd half 
hour 

Urine 38 
B. P. 141 

Urine 36 
B P 124 

Urine 28 
B P. 131 

Urine 40 
B P. 138 

Urine 36 
B P. 130 

Urine 20 
B P 122 

Urine 36 
B P 132 

Urine 24 
B. P. 120 

Urine 28 
B P 126 

Urine 20 
B. P. 144 

Urine 36 
B. P, 136 

Urine 41 
B. P. 142 

1 Unne 

1 minute 

1 BLPres. 

1 mm Hg 

8 1 

8 1 

8 2 

8 1 

8 3 

8 4 

8 2 

8 1 

8 2 

8 3 

8 3 

8 2 

RpH 
end of 
4th half 
hour 

1 

Urine 26 | 
B. P. 138 

Urine 33 
B P. 130 

Urine 24 
B P 124 

Urine 30 
B P. 130 

Urine 12 

B P 130 

Urine 7 

B P. 120 

Unne 28 

B P 130 

Urine 10 
B. P. 114 

Urine 6 

B P 118 

Urine 14 
B P. 129 

Urine 10 
B P. 130 

Urine 27 
B. P. 136 

Unne 

per 

minute 

B1 Pres 
mm. Hg 

8.1 

8 1 

8 15 

8 05 

8 2 

8 3 

8 1 

8 1 

8 2 

82 

8 2 

8 1 

RpH i 
end of 
3rd hour 

Urine 18 
BP 140 

Urine 21 
B.P. 121 

Urine 14 
B P. 112 

Urine 17 
B. P. 121 
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STUDY . table 2 . 

Normal Dogs. The Eject of Alkaline Solutions of Dijerem Molecular Concentration on Renal Function and Pathology. 
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The histological study of tissue obtained from the kidneys of these animals has 
in general shown no evidence of injury. Stainable lipoid material does not appear 
in the convoluted tubule cells and can rarely be demonstrated in the cells of the 
loops of Henle. The q>ithelium lining the convoluted tubiiles appears shnmken 
and stains uniformly. The nuclei are hyperchromatic. Fig. 3, Study 1. 

Conclusions Concerning the Group of Normal Animals That Received 
a Solution of Sodium Carbonate Equimolecular with a 
1.5 Per Cent. Solution of Sodium Chloride. 

1. Solutions of sodium carbonate equimolecular with a l.S per 
cent, solution of sodium chloride when given intravenously to normal 
dogs fail to induce such a degree of disturbance in the physico- 
chemical state of the blood as to render the kidney unable to readjust 
the altered physical state. The kidney responds to this degree of 
change in its blood chemical environment by establishing a free 
diuresis, and associated with this response the reserve alkali of the 
blood is reduced to the normal. 

2. The degree of disturbance induced in the physico-chemical state 
of the blood by injections of such solutions fails to express itself in 
terms of an injury to the kidney. Urine formed during such periods 
is free from both albumin and casts and the elimination of phenol- 
sulphonephthalein shows no more reduction than is induced by an 
anesthesia extending over a four hour period of experimentation. 

The Effect of a Solution of Sodium Carbonate Equimolecular with 
a 3 Per Cent. Solution of Sodium Chloride on Renal 
Function and Pathology in Normal Dogs. 

The ten animals studied under the influence of this stronger solution of sodium 
carbonate were normal in so far as the functional response of the kidney was con- 
cerned. Urine from these animals was free from albumin and casts. The elimina- 
tion of phenolsulphonephthalein by the respective animals varied from a maximum 
output of 75 per cent, to a minimum output of 58 per cent. 

The reserve alkali of the blood has been normal. In the difierent animals the 
readings have varied from 8.0 to 8.1. 

Before the use of the sodium carbonate solutions, the intravenous injection of an 
isotonic solution of sodium chloride induced a fair degree of diuresis in all of the 
animals. The formation of urine by the different animals varied from 6 to 15 
drops per minute. Such injections caused a rise in systemic blood pressure which 
has varied in the different animals from 105 to 131 mm. of mercury. 
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Following the intravenous injections of the stronger solution of sodium carbon- 
ate, observations have been made during the four hour period of the experiments 
at the intervals previously indicated. The results obtained from these stronger 
alkaline solutions should be contrasted with the observations previously made 
when animals were subjected to the action of a solution of sodium carbonate 
equimolecular with a 1.5 per cent, solution of sodium chloride. 

The immediate effect of injecting intravenously a solution of sodium carbonate 
equimolecular with a 3 per cent, solution of sodium chloride is to cause an abrupt 
and marked rise in the alkali reserve of the blood. The maximum increase in the 
alkali reserve was from a normal reading of 8.1 to 8.4. The minimum increase 
was from a normal reading of 8.1 to 8.25. 

Associated with this disturbance in the physico-chemical state of the blood is 
the fact that all of the animals have become freely diuretic. The degree of diuresis 
has varied in the different animals from 23 to 43 drops per minute. The most 
marked diuretic effect was obtained in the animal of Experiment 17, in which a 
urine flow of 6 drops per minute, that was obtained from the use of 25 c. c. per 
kilogram of isotonic sodium chloride solution, was increased to 34 drops per minute 
from the use of a solution of sodium carbonate. The use of such solutions of 
sodium carbonate have induced a moderate rise in systolic blood pressure in all 
of the animals. The maximiim rise of 12 mm. of mercury occurred in the animal 
of Experiment 14. 

Associated with the profuse flow of urine provoked by such solutions there has 
occurred a rapid reduction in the reserve alkali of the blood in all of the animals. 
However, in only one of the animals was the normal acid-base equilibrium of the 
blood re-established in the first hour period of the experiment. This result differs 
from the effect obtained when a solution of sodium carbonate equimolecular with 
a 1.5 per cent, solution of sodium chloride was used. When the weaker solution 
was employed, all of the animals were able within the first hour of the experiment 
to reduce the reserve alkali of the blood either to the normal reading obtained for 
the animal before the commencement of the experiment, or to a reading which 
was within the limit of the normal. 

At the end of the first hour of the experiment, with a freely diuretic state estab- 
lished in the animals, a second injection of the stronger solution of sodium carbon- 
ate was given. This injection resulted in a secondary increase in the alkali reserve 
of the blood which in all of the animals gave a higher reading than that obtained 
from the first injection. The maximum increase in the alkali reserve of 8.45 was 
obtained in the animal of Experiment 15. 

Following this secondary disturbance in the acid-base equilibrium of the blood 
by a solution of sodium carbonate of the same volume and molecular concentration 
as the first solution, and with a rise in systemic blood pressure in all of the animals, 
there has developed but a slight increase in urine formation. The greatest increase 
of 17 drops per minute occurred in the animal of Experiment 22. In the other 
animals the increase in urine varied from 2 to 6 drops per minute. 
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From these observations it would appear that when the add-base equilibrium 
of the blood was altered by the first injection of a solution of sodium carbonate 
equimolecular with a 3 per cent, solution of sodium chloride, so that the kidney 
was unable to restore this equilibrium to the normal, the persistence of such an 
alteration in the physico-chemical state of the blood expressed itself locally in 
the kidney by rendering the kidney unable to react to a second injection of such a 
solution with the same degree of functional response as it was shown to possess at 
an earlier stage in the experiments. 

During the remaining two hours of the experiments there occurred a very grad- 
ual deaease in the alkali reserve of the blood. Only three of the ten animals were 
able during this period to re-establish their normal acid-base equilibrium. The 
remaining seven animals of the series at the termination of the experiments had a 
reserve alkali of the blood which varied from 8.1 to 8.2. 

Urine formation during this period progressively decreased, so that at the end 
of the experiments two of the animals were anuric, one animal was forming 1 drop 
of urine every two minutes, and two of the animals 1 drop per minute. The largest 
output of urine by any of the animals at this period was 10 drops per minute. 

Changes similar in character to those just recorded as developing during the 
last two hours of the experiments, were observed in the previously discussed group 
of normal dogs that received a solution of sodium carbonate equimolecular with a 
1 .5 per cent, solution of sodium chloride. However, in this former group of experi- 
ments none of the animals became anuric, the reduction in urine formation was not 
so marked, and all of the animals during the last two hours of the experiments were 
able to re-establish a normal add-base equilibrium of the blood. 

A study of the urine collected during the course of the experiments in which 
the animals received the stronger carbonate solutions shows that all of the animals 
developed an albuminuria and that casts occurred in the urine of four of the 
animals. 

The elimination of phenolsulphonephthalein has been reduced in all of the 
eiq>eriments. The most marked reduction has occurred in the animal of Experi- 
ment 20, in which the elimination of the dye was reduced from the normal of 58 
per cent, to 20 per cent. The urine from four of the animals contained diacetic 
acid. 

The histological study of tissue from the kidneys of these animals which received 
the stronger solution of sodium carbonate shows in general a marked degree of 
cloudy swelling of the tubular epitheliiun. The epithelium of the convoluted 
tubules shows this change to an advanced degree, and in addition many of the cells 
are vacuolated and undergoing necrosis. Fig. 4, Study 1. 
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Conclusions Concerning the Group of Normal Animals That 
Received a Solution of Sodium Carbonate Equmolecular 
with a 3 Per Cent. Solution of Sodium Chloride. 

1. A solution of sodium carbonate equimolecular with a 3 per 
cent, solution of sodium chloride when given intravenously to 
normal dogs effects a disturbance in the animals which differs only 
in degree from that obtained when a weaker solution of sodium 
carbonate equimolecular with a 1.5 per cent, solution of sodium 
chloride is employed. The stronger solutions induce a disturbance 
in the physico-chemical state of the blood of such a degree that the 
kidney is in general unable to readjust this altered physico-chemical 
state and establish a normal blood chemical environment for the 
organism. 

2. The inability of the organism to effect such a readjustment 
is shown locally by the development of a kidney injury which ex- 
presses itself functionally in the appearance of albiunin and casts 
in the urine, a decrease in the elimination of phenolsulphonephtha~ 
lein, and by a decrease in urine formation or the establishment of 
an anuria. 

3. These experiments in which solutions of different molecular 
concentrations of sodium carbonate have been employed indicate 
that the normal organism, very largely through the activity of the 
kidneys, is able to readjust to the normal a certain degree of dis- 
turbance in the acid-base equilibrium of the blood without the 
kidney becoming injured during such an adjustment. When, 
however, the physico-chemical state of the blood undergoes too 
great a departure from the normal from the use of such an allfalino 
solution, the environment of the kidney becomes so changed that 
its functional response is interfered with and a normal acid-base 
equilibrium of the blood is not established. 

4. In normal dogs in which there has developed from the use of 
an alkaline solution or a N/2 solution of hydrochloric acid an in- 
ability to effect a readjustment in the acid-base equilibrium of 
the blood, the t)q)e of renal injury is in general the same. This 
injury is primarily one of cloudy swelling of the renal epithelium 
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which is most marked in the cells of the convoluted tubules. The 
more advanced changes of degeneration consist in edema, vacuo- 
lation and more rarely an early necrosis of the tubular epithelium. 
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description of figures. 

STUDY I. 



Pio 1 Camera Iudd .1 drawing Leitz Or 2, olrj 6. 

Stud'^ 1 •'•‘Incv of the normal control animal of Experiment 4, 

'I'he animal was anesthetized hr Or.'hanfs anesthetii for a period of four hours, 
n ith (he completion of a satisfactorr state of surgical anesthesia the animal was 
given 25 c. c per kilogram of a 0 9 per cent solution of sodium chloride. The 
animal remained Ircely diuretic throughout the experiment. The How of urine 
at the end of the experiment was 1 1 drops per minute The elimination of phenol- 
suliihoiiephthalem was onlv reduced from the normal of 65 per cent to 50 per cent 
No albumin or casts appeared in the urine. The reserve alkali of the blood was 
norrnal at the termination of the experiment At A, is shown a normal glomerulus. 
At B, are shown convoluted tubules in which the epithelium appears granular but 
shows only slight swelling. The nuclei of the cells stain well. The epithelium 
shows no evidence of vacuolation or necrosis. 
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Fig 2. Camera lucida drawing Leitz Oc 2, obj. 6 

The figure is from the kidney of the animal of Experiment 14, Study I, Table 1. 
The animal received two injections of a solution of N 2 hydrochloric acid. The 
animal was unable to re-establish and maintain a normal acid-base equilibrium of 
the blood following such injections. The reserve alkali of the blood at the ter- 
mination of the experiment was 7.95. Albumin and casts appeared in the urine. 
The elimination of phenolsulphonephthalein was reduced from the normal output 
of 60 per cent, to 35 per cent. At the termination of the experiment the animal 
was forming only 1 drop of urine every two minutes. At A, are shown normal 
glomeruli. At B, are shown convoluted tubules with edematous and vacuolated 
epithelium. In some of the tubules the edema is so severe as to occlude the lumen 
of the tubules. The nuclei of the cells vary in the intensity of their staining power. 


WM, DEB. MacNIDER 


143 



Fig 3 Camera lucida drawing. Leitz Oc. 2, obj. 6. 

The figure is from the kidney of the animal of Experiment 8, Study 1, Table 2. 

The animal received two intravenous injections of a solution of sodium carbonate 
equimolecular w ith a 1 5 per cent solution of sodium chloride. The animal was 
able to establish and maintain the normal reserve alkali of the blood of 8.1. No 
albumin or casts appeared in the urine. The elimination of phenolsulphone- 
phthalein duiing the experiment was only reduced from the normal output of 63 
per cent to 55 per cent. At the termination of the experiment the animal was 
forming 12 drops of urine per minute. 

At A, is shown a normal glomerulus, and at B , the capsule of the glomerulus. At 
C, are shown convoluted tubules in a good state of preservation. The epithelium 
of such tubules is not swollen. The lumen of the tubules is prominent. The 
nuclei of the cells stain intensely. 
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Fig 4 Camera lucida drawing. Lcitz Oc 2 , obj 6 

The figure is from the kidney of the animal of Experiment 15, Study 1, Table 2. 

The animal received two intravenous injections of a solution of sodium carbonate 
equimolecular with a 3 per cent solution of sodium chloride The animal was un- 
able to establish and maintain a normal acid-base equilibrium of the blood Albu- 
min and casts appeared in the urine. The elimination of phenolsulphonephthalein 
was reduced from the normal of 66 per cent to 24 per cent At the termination of 
the experiment the animal was anuric. 

At A, is shown a normal glomerulus At B, arc shown bonvoluted tubules with 
the epithelium edematous and vacuolated. The lumina of many of the tubules are 
dosed by the edematous cells. The nuclei of the cells vary in their staining power. 


[Reprinted from Tee JotniMAi. or Metabolic Reseaxcs, April, 1923, Vo), iii. No. 4, 
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STUDIES CONCERNING THE INFLUENCE OF A DIS- 
TURBANCE IN THE ACID-BASE EQUILIBRIUM 
OF THE BLOOD ON RENAL FUNCTION 
AND PATHOLOGY.* 

Sttjdy II. The Effect of Acid and Alkaline Solutions 
ON Renal Function and Pathology in Natu- 
rally Nephropathic Dogs. 

By WiL deB. MacNIDER. 

{From the Laboratory of Pharmacology, University of North Carolina.) 

In the first study of this series an investigation was made of the 
stability of the add-base equilibrium of the blood in normal dogs 
when anesthetized by Gr6hant’s anesthetic over a period of four 
hours and of the ability of such animals to readjust this fimdamental 
reaction of the blood when it was disturbed by the intravenous 
administration of an add or an alkaline solution. The pathological 
effect of such solutions was observed by a study of renal fimction 
and the histological changes induced in the kidney. 

In the following study similar observations will be made on the 
disturbance induced in naturally nephropathic animals by the 
introduction of such solutions, of the ability of a previously damaged 
kidney to readjust a disturbance in the add-base equilibrium of 
the blood, and of the changes which such solutions induce in the 
function?! and pathological response of the kidney. 

In recent years numerous investigations have appeared which 
have had as their object a study of the add-base equilibrium of the 
blood in the various types of nephropathies and of the relationship 
which such a disturbance has to certain changes in renal function. 
These studies have been very largdy concerned with the develop- 
ment of the add intoxication which occurs in such renal injuries 
and with a discussion as to whether such a depletion in the alkali 
reserve of the blood should be considered as the cause for certain 

* Aided by a grant from The Rockefeller Institute for Medical Research. 
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renal injuries, or whether the disturbance should be interpreted as 
a retention intoxication. The investigation which is to follow is 
not primarily concerned with these questions, but is concerned 
with the relative ability of the naturally nephropathic kidney as 
contrasted vldth the normal kidney to readjust such a fundamental 
disturbance in the blood chemical environment of the organism. 
The study, furthermore, takes into consideration the severity of 
the pathological changes developing in the kidney of such animals 
and the degree to which the functional response of the kidney is 
interfered with. 

The earlier literature dealing with the question of the development of an acid 
intoxication in various types of nephropathic processes has been reviewed by 
Ewing,' and the more recent literature by Sellards.® In the present paper refer- 
ences will be made only to more recent papers which deal with the general question 
of the disturbance in the acid-base equilibrium of the blood in nephropathic 
flnundls* 

In 1909 Von HcSsslin® observed a rather definite relationship between the acidity 
of the urine and the amount of albumin and casts in the urine. Later than this 
Fischer,^ as a result of his work on edema, applied his findings to certain changes de- 
veloping in the kidney in various forms of nephritis and emphasized the importance 
of the acidosis occurring in such states. In 1913 Palmer and Henderson,® following 
a series of clinical studies on the acid-base eqxiilibrium of the blood and the nature 
of acidosis, decided that a condition of acidosis existed in a great variey of patho- 
logical conditions. They furthermore made suggestions concerning the rational 
use of alkalies as therapeutic agents. At a later date the same investigators® 
demonstrated in a series of experiments the constant occurrence of an acidosis in 
one type of nephritis and of its frequent occurrence in other types. In these studies 
they were able to demonstrate a retention of alkali following the use of sodium 
bicarbonate. In 1915 Peabody^ made a study of the acidosis of chronic nephritis 
in connection with functional renal tests and came to the conclusion that the 
acidosis in such conditions was a retention phenomenon. Very recently Chase and 
Myers* in a study of the acidosis of nephritis have come to the conclusion that all 
fatal cases of nephritis with marked nitrogen retention have a severe acidosis, 
sufficient in many instances to be the cause of death. 

In recent years several investigations have been made in this laboratory con- 
cerning the stability of the acid-base equilibrium of the blood in animals of different 
age periods,® and in naturally nephropathic animals. These observations have 
been extended to a study of the susceptibility of such animals to the toxic effect 
-of the general anesthetics^®*^^ and the degree of disturbance induced in the add- 
base equilibrium of the blood by the use of such anesthetic substances. Other 
studies have dealt with -the restoration of the acid-base equilibrium of the blood in 
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animals recovering from an acute nephropathic process^’*^’ and of the disturbance 
which is induced in this equilibrium when an acute injury is superimposed on a 
chronic renal injury.^^ 

In 1903 Pearce^^^ in an experimental study of nqphrotoxins, used in his investiga* 
tion the sera from dogs with a spontaneous nephritis. Later, in 1908, OphOb^* 
noticed that chronic nq)briris in dogs is a common disease. Dayton,^^ in an in- 
vestigation of the frequency of such a condition in dogs, found in a study of twenty- 
one animals only one dog with what he considered normal kidne3rs. In 1916 an 
extensive study was made in this laboratory of the naturally acquired nephropathy 
of the dog and of the physiological response of such kidneys to diuretic sub- 
stances.^®*^® In these studies the frequency of the occcurrence of a chronic 
nephropathy in the dog was confirmed and the various nephropathic processes 
were classified for purposes of study. The classification showed very clearly that 
with few exceptions the chronic kidney injury in the dog is primarily a glomeru- 
lonephropathy and that extensive changes may develop in the glomeruli before the 
tubules become implicated in the pathological process. The animals employed in 
the following study have had this type of chronic naturally-acquired kidney injury. 

The Effect of a N/2 Solution of Hydrochloric Acid on Renal 
Function and Pathology in Naturally Nephropathic Dogs, 

Fifteen naturally nephropathic animals were used in this series of e]q}eriments. 
The preliminary observations and the experimental procedures are identical with 
those outlined in Study 1 , in which normal dogs were employed. Foxir of these ani- 
mals were used for control experiments. They were anesthetized by Gr6hant’8 
anesthetic and given intravenously 25 c. c. per kilogram of a 0.9 per cent, solution of 
sodium chloride. The remaining animals were anesthetized and given a similar 
solution of sodium chloride and at two periods of the experiments were given 
intravenously 5 c.c. per kilogram of a N/2 solution of hydrochloric add. The 
observations on all of the control animals and on eight of the animals subjected to 
the action of a solution of hydrochloric add have been induded in Table 1 of the 
present study. 

The observations made on these animals during the period of preliminary study 
show them to be naturally nephropathic. The urine from all of the animals con- 
tained albumin and with one exception tube casts. The appearance of the 
albumin was variable. In three of the fifteen animals its presence was not con- 
stant, but varied from day to day. 

The elimination of phenolsulphonephthalein in a two hour period was uniformly 
bdow the normal and varied from a minimum output of 33 per cent, to a maximum 
output of 58 per cent. The reserve alkali of the blood in these naturally nephro- 
pathic animals in which the chronic pathology is largely localized in the glomeruli 
was normal with two exceptions. In these two animals, Experiments 7 and 12, 
the reserve alkali was 7.95. In such animals, with a reduction in the reserve alkali 
of the blood, the elimination of phenolsulphonephthalein was low, and tibMWMimt 





ACn> AND ALKAmm XN KfiPHUOPATHIC DOOS 


of olbiiiniii m the urine or the number of casts was more marked than in any of the 
otto animals. 

The animal of Experiment 7 had a reserve alkali of 7.95, and elimination of 
phenobulphon^thalein of 48 per cent.; and while only a trace of albumin was 
present in the urine, there were very numerous hyaline and finely granular casts. 
Hie animal of Experiment 12 had a reserve alkali of 7.95, and elimination of phenol* 
sulphonephtfaalein of 33 per cent., and a heavy trace of albumin with casts. 

Control Experiments with Naturally Nephropathic Animals. 

These animals were not subjected to the action of a solution of hydrochloric 
acid. Following the establishment of a state of anesthesia from Gr6hant’8 
anesthetic and after the administration of the usual solution of isotonic sodium 
chloride, a fair degree of diuresis was obtained in the various animals. The 
flow of urine varied from 10 to 21 drops per minute. The systolic blood pressure 
in the respective animals has varied from 100 mm. to 134 mm. of mercury. 

At this early period of the experiments the reserve alkali of the blood remained 
unchanged except in the animal of Experiment 2, in which the reserve alkali was 
reduced from the normal reading of 8.05 to 8.0. 

By the end of the second half hour period of the experiments very little change 
had taken place in the rate of urine formation or in the systolic blood pressure of 
the different animals. The reserve alkali of the blood at this period was reduced 
in all of the animals except one. The maximum reduction was obtained in the 
animal of Experiment 1, in which the reserve alkali was reduced from the normal 
of 8.0 to 7.9. 

At the termination of the third half hour period of the experiments, urine for- 
mation had undergone a marked reduction. The animal of Experiment 2 was 
anuric. Such changes in urine formation have not been associated with any 
marked fall in systolic blood pressure. In the anuric animal of Experiment 2, 
systolic blood pressure at this period of the experiment was 128 mm. of mercury, 
4 mm. in excess of the normal blood pressure reading for the animal. 

In the animal of Experiment 5, urine formation had been reduced from the 
normal flow of 18 drops per minute to 11 drops per minute. The normal blood 
pressure for this animal was 134 mm. of mercury. Associated with the reduction 
in urine formation the blood pressure had fallen only to 130 mm. of mercury. 

A study of the add-base equilibrium of the Mood at this period of the experi- 
ments, when urine formation is either being reduced or the animals rendered anuric, 
shows a marked depletion in the alkali reserve in all of the animals. The reserve 
alkali of the blood in the animal of E]q)eriment 5, in which urine formation was 
reduced from 18 to 11 dn^s per adnute, was reduced fi^om 8.1 to 7.9. In the 
anuric animal of Experiment 2, the reserve alkali had undergone a depletion from 
8.0 to 7.85. 

Throu^out the remainder of flie e^qperiments which lasted for four hoiurs, there 
was a progressive deaeasc in urine formation by all of the animals. At the ter- 
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minatioD of the e]q>eriment8 the maximum urine formation by the animal ot 
Experiment 5 was 4 drops per minute. The animals of Experiments 1 and 4 were 
forming 2 drops of urine per minute, while the animal of Experiment 2, that became 
anuric early in the experiment, remained anuric. The systolic blood pressure in 
these animals did not undergo any marked reduction the blood pressure for the 
different animals varied from 98 to 120 mm. of mercury. 

The reserve alkali of the blood, although depleted from the normal in all of the 
animals, remained very constant, with one exception, after the initial depletion 
which occurred at the end of the third half hour period of the experiments. The 
readings for all of the animals, except the anuric animal of Experiment 2, were 7.9. 
In this latter animal the reserve alkali of the blood at the termination of the e:q>eri- 
ment was reduced to 7.8. 

A study of the urine formed by the different animals during the course of the 
experiments showed an increase in the amount of albumin over that normally 
present in the urine. Diacetic acid appeared in the urine of all of the animals 
examined for this substance. 

The elimination of phenolsulphonephthalein was reduced in all of the animals 
during the period of anesthesia. In the animal of Experiment 4, the elimination of 
the dye was only reduced to 40 per cent, from the normal output of 50 per cent. 
In the animal of Experiment 2, that became anuric during the period of anesthesia, 
the elimination of the dye was reduced from 45 per cent, to a trifle less than 10 
per cent. 

A study of the histological changes induced in the naturally nephropathic kidney 
by an anesthesia of four hours duration from Gr6hant’s anesthetic shows that the 
vascular tissue fails to develop an acute injury. The glomerular capillaries were 
well filled with blood when the chronic fibrous changes and hyalinization did not 
exclude the circulation. No exudate or actual hemorrhage was observed in the 
subcapsular spaces. The chronic pathology of the glomeruli consisted of those 
capsular and intracapillary changes common to an early or moderately advanced 
glomerulonephropathy. 

The toxicity of the anesthetic for the kidney is expressed by changes in the 
tubular epithelium. The amoxmt of stainable lipoid material is increased in the 
cells of the loops of Henle and in the convoluted tubule epithelium. The epithe* 
lium of the tubules in general shows cloudy swelling and a moderate grade of vacuo- 
lation. In the anuric animal of Experiment 2, the epithelium of the convoluted 
tubules showed an advanced grade of swelling, vacuolation, and in many of the 
cells a well advanced necrosis. Fig. 1. Study II. 

Conclusions Concerning the Control Group of Naturally 
Nephropathic Animals. 

1. Following an anesthesia of four hours duration from Gr6hant's 
anesthetic in naturally nephropathic dogs, there is more evidence 
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of its toxic effect than devdopa from a similar period of anesthesia 
in normal dogs. 

2. This increased toxic effect is shown by the naturally n^hro- 
pathic animals by the anesthetic inducing an earlier and more 
marked disturbance in the add-base equilibrium of the blood which 
is assodated with a reduction in urine formation and which is not 
accompanied by a reduction in systolic blood pressure. 

3. In normal dogs, following the initial disturbance in the add- 
base equilibrium of the blood induced by the anesthetic, there oc- 
curred a readjustment of this equilibrium which was assodated 
with an increase in urine formation. 

In naturally nephropathic animals after the anesthetic has in- 
duced a disturbance in the add-base equilibrium of the blood, 
there is no attempt on the part of the animals to re-establish this 
balance. The degree of depletion in the alkali reserve of the blood 
remains unchanged, or it undergoes a further reduction as the 
anesthesia progresses. 

4. In naturally nephropathic am'mals in which the blood has 
undergone such a physico-chemical change that the kidney is no 
longer furnished a normal environment in which to functionate, 
there occurs a reduction in urine formation or the establishment 
of an anuria. The elimination of phenolsulphonephthalein is 
reduced and an increased amount of albumin appears in the urine. 
This altered environment of the kidney is shown histologically 
by the development of acute changes of a degenerative character 
in the tubular epithelium and by the lack of such changes in the 
l^omeruli which are the seat of the primary chronic injury. 

The Effect of a N/2 Solution of EydrocUoric Acid on Renal 
Function and Pathology in Naturally Nephropathic Dogs. 

Eleven of the naturally nephropathic animals of this series were subjected to the 
same experimental technique as has been outlined for the control group of animals, 
and in addition at two periods of th; experiments were given intravenously 5 c. c. 
per kilogram of a N/2 solution of hydrochloric add. The results obtained in 
eight of these animals are included in Table 1, Study 11. 

At the completion of the a ne sthesia from Gr6hant’s anesthetic and following the 
intravenous injection of 25 c. c. per kilogram of a 0.9 per cent, solution of so^um 
ddoride, these animals showed a feir degree of diuresis. The flow of urine varied 
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in the different animals from an output of 4 to 18 drops per minute. The systemic 
blood pressure in the respective animals varied fromaminimum pressureof 100 mm. 
of mercury to a maximum pressure of 140 mm. of mercury. 

At this stage of the experiments the animals were given the first intravenous 
injection of a solution of hydrochloric add. The effect from such an injection was 
to induce a marked disturbance in the add-base equilibrium of the blood in all of 
the animals. The degree of deletion in the alkali reserve varied in the different 
animals. In the animal of Experiment 8, the reserve alkali was reduced from 8.1 
to 8.0; in the animal of Experiment 10, from the normal of 8.0 to 7.8. Associated 
with such changes in the alkali reserve of the blood in naturally nephropathic 
animals, there occurred a reduction in urine formation in all of the animals with 
two exceptions. In two of the animals the output of urine increased 2 drops per 
minute. This observation is in striking contrast with the results obtained when a 
similar solution of hydrochloric add was administered to normal dogs. In such 
animals a profuse flow of urine followed the add injection. (Study I.) 

In the naturally nephropathic animals no marked change developed in the 
systolic blood pressure from the first injection of the add solution. The blood 
pressure readings for the respective animals varied from a minimum reading of lOS 
mm. of mercury in the animal of Experiment 6 to the maximum reading of 142 mm. 
of mercury in the animal of Experiment 14. 

At the end of the second half hour period of the experiments the reserve alkali 
of the blood remained reduced below the normal in all of the animals. Four of the 
animals, as the experiments had progressed during this period, showed a progressive 
reduction in the reserve alkali of the blood, which was most marked in the animal 
of Experiment 12, in which the reserve alkali determination now gave a reading of 
7.7. In the remaining animals the reserve alkali remained unchanged. In none 
of the animals was there any evidence of an attempt at a restoration of the acid- 
base equilibrium of the blood. At this period of the experiments, the end of the 
second half hour, two of the animals had become anmic, and with the exception of 
the animal of Experiment 10, in which the formation of urine remained at 2 drops 
per minute urine formation by all of the remaining animals had been greatly 
reduced. 

The reduction in urine formation shows no correlation with a fall in systemic 
blood pressure. In the anuric animal of Experiment 12, the blood pressmre at this 
period was 130 mm. of mercury as opposed to a pressure of 128 mm. of mercury 
when the animal was forming 4 drops of urine per minute. 

Following these observations, at the end of the first hour of the e3q)eriments, the 
animals were given the second and final injection of 5 c. c. per kilogram of a N/2 
solution of hydrochloric add. The injection of the add induced a secondary and 
more marked disturbance in the acid-base equilibrium of the blood than was 
obtained from the first injection. The maximum reduction of the alkali reserve 
of the blood to 7.6 occurred in the animals of Experiments 12 and 15. The mini- 
miun reduction to 7,9 developed in the animal of Experiment 11. Following this 
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STUDY H, tABIE 1 . 

NaluraUy Nephropathic Dogs, The EJfed of a N/2 SohtHon of Hydrochloric Acid on Renal Function and Pathology. 
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dqpree of change in the physico-chemical state of the blood, urine formation which 
had previously been reduced, remained unchanged in three of the animals, Experi- 
ments 8, 10 and 15; two of the animals continued anuric, while in the rmiaining 
animals there was a further reduction in urine formation. 

The blood pressure determinations in the respective animals varied from a 
minimum pressure of 100 mm. of mercury m the animal of Experiment 6, to a 
maximum blood pressure of 135 mm. of mercury in the animal of Experiment 14. 

From this stage of the experiments until their termination at the end of a foiu* 
hour period, the disturbance induced in the acid-base equilibrium of the blood 
showed either a progressive increase of the degree of disturbance or remained un- 
changed from that induced by the second injection of the hydrochloric acid solution. 
At the end of the experiments the lowest reserve alkali readings which occurred in 
four of the animals, Experiments 6, 7, 12 and 15, were 7.6. The highest reading of 
7.8 was obtained in the animal of E3q)eriment 11. The reserve alkali determina- 
tions for the remaining animals was found between these two extremes. There 
was no attempt on the part of any of the animals to re-establish a normal acid-base 
equilibrium of the blood. 

Associated with this degree of departure from the normal in the acid-base 
equilibrium of the blood and with an inability to attempt a re-establishment of the 
equilibrium, all of the animals after the first hour of the experiments showed a 
marked reduction in mine formation, so that by the end of the third hour of the 
experiments six of the eleven animals were anuric, and by the termination of the 
e 2 q>eriments, one hour later, all of the animals, with one exception, were anuric. 
This animal, Experiment 8, was forming 1 drop of urine per minute. 

This reduction in urine formation cannot be ascribed to an excessively low sys- 
tolic blood pressure in any of the animals. At the conclusion of the experiments 
the sjrstolic blood pressure in the different animab varied from a minimum of 96 
mm. to a maximum of 111 mm. of mercur>^ 

Urine collected from the animals during the course of the experiments showed a 
heavy precipitate of albumin and the presence of numerous hyalin and finely 
granular casts. The amount of albumin was in excess of that found in the urine 
prior to the experiments. Diacetic acid was present in the urine of all of the ani- 
mals examined for this substance. In those animals in which urine formation was 
sufficient to permit a phenolsulphon^thalein determination, the elimination of 
the dye in a two hour period varied from a mere trace to a maximum output of 18 
per cent. 

The histological study of the kidneys of the naturally nephropathic animals 
anesthetised by Grdhant’s anesthetic and subjected to a disturbance in the add- 
base equilibrium of the blood from two injections of 5 c. c. per kilogram of a N/2 
solution of hydrodiloric add showed the following changes. 

The changes are simitar to those described for the control group of naturally 
nephropathic animals which were anesthetized by Gr6hant’s anesthetic and which 
were not given the add injections, except that the use of the add solution in this 
latter group of animals very greatly increased the severity of these changes. 
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The c^omeruli showed no evidence of an acute injury. The chronic glomerular 
pathology consisted of the same type of chronic,^anges previously described. 

The tubular epithelium diows a marked increase in stainable lipoid material 
over that which could be demonstrated in (he control group of animals. 

The tubular epithelium in general has shown advanced cloudy swelling, vacuola- 
tion and an early necrosis. These changes are least marked in the q>ithelium of 
the collecting tubules and most marked in the convoluted tubule epi&elium. In 
the latter location the epithelium is frequently so edematous as to obliterate the 
lumen of the tubules. 

Hie nude! show fragmentation and fail to stain and in such cells necrosis may be 
seen in an advnaced stage. Fig. 2. Study II. 

Conclusions Concerning the Effect of Injections of a N/2 Solu- 
tion of Bydrochloric Acid on Renal Function and 
Pathology in Naturally Nephropatkic Dogs. 

1. Naturally nephropathic animals shovtr an early and marked 
suscqitibiiity to the toxic effect of intravenous injections of N/2 
solutions of hydrochloric add. The toxic effect is first shown by 
a severe disturbance in the add-base equilibrium of the blood, 
which is soon followed by a reduction in urine formation. 

2. The response of naturally nephropathic animals to such solu- 
tions differs in several particulars from the response of normal ani- 
mals. Study 1. In the first place the degree of disturbance in the 
add-base equilibrium of the blood is more marked in naturally 
nephropathic animals than in normal animals, even though the 
naturally nephropathic animal may have been able to maintain 
prior to the experiment a normal add-base equilibrium of the blood. 
In the second place, when normal animals are given such solutions 
of hydrochloric add, there occurs very rapidly an attempt to re- 
establish the normal physico-chemical state of the blood. The 
increased hydrogen ion content of the blood induces a free diuresis, 
and, assodated with the rapid output of urine, the add-base equilib- 
rium of the blood is dther restored to the normal or an attempt 
is made on the part of the organism in this direction. 

When such add solutions are administered to naturally nephro- 
pathic animals with a normal add-base equilibrium of the blood, 
or with a blood slightly depleted in its alkali reserve, the distur- 
bance induced in the add-base equilibrium is so far reaching in its 
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effect, the enviromnent of the kidneys in terms of the physico- 
chemical state of thdr blood supply is so changed, that either no 
diuretic effect is obtained or the flow of urine is but sli^tly in- 
creased for a short period. 

It would appear that in naturally nq)hropathic animals, such 
as have been used in this study, some mechanism in the kidney is 
normally tmder the strain of in part maintaining a normal add- 
base equilibrium of the blood for the organism as a whole, and for 
the functional response of the kidney in particular. When this 
mechanism is subjected to the additional strain induced by a period 
of anesthesia, plus the introduction of an add solution, it becomes 
ineffective, and this lack in its effectiveness is shown by a more 
marked reduction in the alkali reserve of the blood than occurs in 
normal animals. There is an inability on the part of the animal 
to readjust the physico-chemical disturbance in the blood in so far 
as a restoration of the add-base equilibrium of the blood is con- 
cerned. 

3. A further study of the course of the experiments in naturally 
nephropathic animals shows that after the add-base equilibrium 
of the blood has once imdergone the degree of disturbance induced 
by the first injection of an add solution, and the blood chemical 
environment of the kidney has become so changed that the renal 
function in this environment is either reduced or arrested, the 
animals are throughout the experiments unable to readjust a balance 
between the hydrogen and hydroxyl ion content of the blood. As 
the experiments progress, the disturbance in the add-base equilib- 
rium of the blood increases, and assodated with this further altera- 
tion in the physico-chemical state of the blood the kidneys cease 
to act as functional units. With two exceptions, all of the animals 
of the series were anuric at the termination of the experiments. 

4. The greater toxidty of an add solution for the natxirally 
nq>hropathic kidney than for the normal kidney is furthermore 
shown anatomically by the more extensive degenerative changes 
in the tubular epithelium and functionally by the rdative inability 
of such animals to eliminate phenolsulphonephthalein. 
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The Effect of Alkaline Solutions of Different Molecular Concentra- 
tion on Renal Function and PfOhology in Naturally 
Nephropathic Dogs. 

Eighteen naturally nephropathic animals were used in this series of experiments. 
Eight of these animals were studied following the intravenous injecticm of 25 
c. c. per kilogram of a solution of sodium carbonate equimolecular with a 1.5 per 
cent, solution of sodium chloride. The remaining animals of the series received 
25 c. c. per kilogram of a solution of sodium carbonate equimolecular with a 3 per 
cent, solution of sodium carbonate. The effect of these solutions was observed 
over the usual experimental period of four hours. The results obtained in twelve 
representative experiments are included in Table 2. Study n. 

The Effect of a Solution of Sodium Carbonate Equimolecular with 
a L5 Per Cent. Solution of Sodium Chloride on Renal 
Function and Pathology. 

Of the eight animals studied imder the influence of a solution of sodium carbonate 
of the above-mentioned strength, all were found to be naturally nephropathic. 
The urine contained albumin and casts. The elimixmtion of phenolsulpho- 
nephthalein in a two hour period varied in the respective animals from 38 to 50 
per cent. The reserve alkali of the blood in the animal of Experiment 5 was 7.95. 
In the remaining animals these readings were within the normal and varied from 
8.0 to 8.0S. 

Following the development of a state of anesthesia, the animals were given the 
usual preliminary injection of 25 c. c. per kilogram of isotonic sodium chloride 
solution. There developed a fair degree of diuresis which varied in the different 
animals from tCn output of 6 drops to 17 drops of urine per minute. The S 3 rstolic 
blood pressure varied from 100 mm. of mercury to 132 mm. of mercury. 

At this period of the experiments the animals were given intravenously 25 c. c. 
per kilogram of a solution of sodium carbonate equimolecular with 1.5 per cent 
solution of sodium chloride. The immediate effect of such injections was to in- 
crease the alkali Reserve of the blood and to induce a very free flow of urine. 
The alkali reserve determinations made half an hour after such injections varied 
from 8.15 to 8.2. The maximum increase in the alkali reserve of the blood which 
occurred in the animals of Experiments 5 and 6 was from the normal readings of 
7.95 and 8.0 to 8.15 and 8.2. 

The urine flow in the different animab varied from 24 to 34 drops per minute. 
The most marked increase occurred in the animal of Experiment 6, in which the 
normal urine flow was increased from 10 to 31 drops per minute. The systolic 
blood pressure was raised in all of the animals by the injection of the alkaline 
solution. The blood pressure in the different animals varied from 118 to 142 mm. 
of mercury. 
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By the end of the second half hour of the experiments the reserve alkali of the 
blood had undergone a marked dqdetion in all of the animals, and in the animal of 
Experiment 6 the normal add-base equilibrium of the blood bad been re-established. 
The animab continued to remain freely diuretic during this early period of the 
experiments. There occurred but slight reductions in the systolic blood pressure. 

At this stage of the experiments, the end of the second half hour period, the 
injection of the alkaline solution was repeated. As was the case from the initial 
injection of such a solution, the add-base equilibrium of the blood was disturbed 
by the increase in its hydroxyl ion content. The maximum increase in the reserve 
alkali occurred in the animals of Experiments 4 and 6, in which determinations of 
8.25 were obtained. The systolic blood pressure in all of the animals was in- 
creased. 

The results so far obtained from the second injection of a solution of sodium 
carbonate are similar in character to the effect from the first carbonate injection. 
The influence, however, which the second injection has on urine formation differs 
from the previously recorded results. The flow of urine was increased in only one 
animal of the series. In this animal, Experiment 5, there existed before the begin- 
ning of the experiment a reduction in the reserve alkali of the blood. The second 
carbonate injection in this animal raised the alkali reserve of the blood only to 8.15, 
and the urine formation increased from 10 to 21 drops per minute. In the re- 
maining animals in which the reserve alkali was increased to, or beyond 8.2, urine 
formation was either not increased or a reduction in urine formation occurred. 

Commencing with the fourth half hour period of the experiments, the results 
obtained for the remaining two hours have been of the same character for all of the 
animals. 

There is a gradual attempt at a restoration of the normal acid-base equilibrium 
of the blood. This has not been accomplished by any of these naturally nephro- 
pathic animals. The alkali reserve readings at the termination of the experiments 
varied from 8.0 to 8.2. The reading of 8.0 was obtained in the animal of Experi- 
ment 5, in which before the beginning of the experiment the alkali reserve was 
depleted to 7.95. 

Associated with this persisting disturbance in the physico-chemical state of the 
blood, even though the systemic blood pressure of the animals was well maintained 
until the end of the experiments, there was a gradual reduction in urine formation* 
None of the animals became anuric. 

Urine formation at the termination of the experiments varied from 1 to 5 drops 
per minute. Urine collected during the experiments showed a trace of albumin 
but no casts. The amoimt of albumin was apparently not increased during the 
period of experimentation. In the animal of Experiment 5, in which the reserve 
alkali was 7.95 prior to the experiment and 8.0 at its termination, the amoimt of 
albumin in the urine was reduced. The urine from two of the animals showed a 
trace of diacetic add. 

The elimination of phenolsulphon^thalein was so li^tly reduced in all of the 
animals. This reduction, with one exception, was not in excess of that obtained 
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from a period of anesthesia by Gr^hant’s anesthetic in naturally nq>hropathic 
animals that had not received an alkaline solution. (Table 1. Study n.) 

The elimination of the dye varied from a minimum output of 20 per cent, to a 
maximum output of 40 per cent. The most marked reduction occurred in the 
animal of Experiment 4, in which the add-base equilibrium of the blood at the 
termination of the experiment showed the most marked degree of disturbance. 
The reserve alkali of the blood at this time was 8.2, whereas the normal reading for 
this animal was 8.05. The normal elimination of phenolsulphonephthalein by this 
animal was 50 per cent. At the end of the experiment the output was 20 per cent 

The histological study of the kidneys from these naturally nephropathic animals 
shows the same type of chronic glomerular pathology that has been previously 
described. As has been noted in a previous publication,^ when such animals are 
given an alkaline solution, the amoimt of stainable lipoid material whidi can be 
demonstrated in the renal epithelium is very greatly reduced. The prindple 
changes developing in the kidney take place in the tubular epithelium and mainly in 
the convoluted tubule cells. In such cells there has developed a moderate grade 
of doudy swelling with the nuclei of the cells staining imperfectly. Vacuolation 
has been occasionally noted. The cells have not shown evidence of necrosis. 
Fig. 3. Study II. 

The most marked changes of this character developed in the kidneys of the ani- 
mal of Experiment 4, in which there persisted the most marked disturbance in the 
acid-base equilibrium of the blood and in which the elimination of phenolsul- 
phonephthalein was reduced to 20 per cent, in a two hour period. 

Conclusions Concerning the Effect of a Solution of Sodium Car- 
bonate Equimolecular with a L5 Per Cent. Solution of 
Sodiim Chloride on Renal Function and Pathology 
in Naturally Nephropathic Dogs. 

1. When naturally nephropathic animals are given such a solu- 
tion of sodium carbonate there occurs a disturbance in the acid- 
base equilibrium of the blood from the introduction of an excess 
of hydroxyl ions. Following the first injection of such a solution 
in these animals, in which the chronic kidney injury is largely 
confined to the glomeruli, the kidney responds to this degree of 
departure from the normal in the physico-chemical state of its 
blood supply by a profuse diuresis in an attempt to restore a normal 
acid-base equilibrium. This restoration has been accomplished 
in two of the eight animals employed in the experiments, and in all 
of the animals the normal alkali reserve of the blood was reduced 
to very near the normal reading for the respective animal. 
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2. When the naturally nephropathic animal is subjected to a second 
injection of such a solution there occurs a second disturbance in the 
add'base equilibrimn of the blood more marked than that induced 
by the first injection. Even though the same amount of solution 
per kilogram of body weight was injected, there developed in only 
one animal an increase in urine formation. In the remaining animals 
the flow of urine either remained rmchanged or was reduced. 

There is, following this second injection of a solution of sodium 
carbonate, an attempt on the part of the animals to re-establish a 
normal acid-base equflibrium of the blood, and as a result the re- 
serve alkali is reduced but not to the readings normal for the re- 
spective animals. 

The normal physico-chemical state of the blood is not re-estab- 
lished and the kidneys reflect this change in their environment by a 
decrease in their functional response. Urine formation is progres- 
sivdy lessened but not arrested. This decrease in functional re- 
sponse is furthermore shown by a reduction in the elimination of 
phenolsulphonq>hthalein. 

3. One of the animals in this group had before the experiment 
a reserve alkali of the blood of 7.95. In this animal the two injec- 
tions of the alkaline solution induced less disturbance in the acid- 
base equilibrium of the blood than was obtained in animals with 
a normal reserve alkali. At the termination of the experiment the 
reserve alkali of this animal was normal. During the course of 
the experiment the animal remained freely diuretic and the elimi- 
nation of phenolsulphonephthalein was reduced only 8 per cent, 
from the normal. 

4. From these observations it would appear that naturally neph- 
ropathic animals normally under the strain as a result of their 
kidney injury to maintain a normal add-base equilibrimn of the 
blood, can, following one injection of a carbonate solution equimo- 
lecular with 1.5 per c^t. sodium chloride solution, readjust this equilib- 
rium, in part by a profuse secretion of urine. When, however, such 
kidn^s are subjected to a second strain by such an injection the 
mechanism throu^ whic^ the readjustment takes place becomes 
impaired, urine formation is not increased but is reduced, and the 
add-base equilibrimn of the blood remains disturbed. With such 
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a physico-chemical disturbance persisting, not only is urine formation 
progressively reduced, but the eliminaftton of phenolsulphonq)hthal- 
ein shows a reduction which is correlated with the degree of dis- 
turbance in the add-base equilibrium of the blood. 

5. The histological changes developing in the kidney consist of 
doudy swelling, edema, and vacuolation of the tubular ^ithelium. 
Such changes have constantly developed in the kidney when its 
blood chenucal environment was suffidently disturbed by the use 
of either an add or an alkaline solution. 

The Effect of a Sodium Carbonate Solution Equimolecular vMh a 3 Per 
Cent. Solution of Sodium Chloride on Renal Function and 
Pathology in Naturally Nephropatkic Dogs. 

Ten naturally nephropathic animals were used in this series of experiments. 
The urine from all of the animals contained both albumin and casts. The elimina- 
tion of phenolsulphonephthalcin by the different animals varied from a minimiim 
output of 30 per cent, to a maximum output of 56 per cent. The reserve alkali of 
the blood varied from 7.9 to 8.1. 

Following the development of a state of anesthesia from Gr6hant’s anesthetic 
the animals were given the usual preliminary injection of an isotonic solution of 
sodium chloride. The degree of diuresis obtained varied from a flow of urine of 
3 drops per minute to a maximum flow of 18 drops of urine. The S3^tolic blood 
pressure in the different animals varied from 98 to 120 mm. of mercury. 

After an interval of half an hour the animals were given the first intravenous 
injection of sodixim carbonate solution equimolecular with a 3 per cent, solution of 
sodium chloride. This resulted in an increase in the alkali reserve of the blood in 
all of the animals, that varied from 8.2 in the animal of Experiment 8 that had a 
normal alkali reserve of 7.9, to a reading of 8.35 in the animals of Experiments 
11 and 14. 

Following this degree of disturbance in the add-base equilibrium of the blood, 
there occiured only a transitory increase in urine formation, which was not so 
marked as was the case in the previously described group of imtuially nephropatbic 
animals that recdved the weaker carbonate solution. The maximum increase in 
urine of 12 drops per minute devdqped in the animals of E]q;>eriments 11 and 14. 

The introduction of this volume of fluid caused a rise in the systolic blood pres- 
sure of all of the animals. This varied from the minimum rise of 10mm. of mercury 
in the animal of Experiment 7 to a maximum rise of 24 mm. of mercury in the 
animal of E]q>eriment 9. 

At the end of Ae second half hour period of the experiments all of the animals, 
with the excq>tion of the animal of Experiment 8, had made some attempt to re- 
establish a normal add-base equilibrium of the blood. In no instance was this 
equilibrium restored. 
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Urine formation at this early stage of the experiments was reduced in all of the 
animals save two, even thou|^ the systolic blood pressure was well maintained and 
the Mood hydremic from the use of the isotonic salt solution and the solution of 
sodium carinate. 

In two of the animals urine formation was inaeased. In these animals there 
had occurred a more marked reduction in the alkali reserve of the blood than in the 
other animals of the group. In the animal of Experiment 9, the reserve alkali was 
reduced from 8.3 to 8.1. The normal reserve alkali for this animal was 8.05. In 
the animal of Experiment 10, the reserve alkali was reduced from 8.3 to 8.15, The 
normal alkali reserve for this animal was 8.1. 

From these observations it would appear that, if the animal is able to readjust 
the normal add-base equilibrium of the blood to within the range of the normal, 
urine formation is increased. If, however, such a readjustment cannot be made, 
even though the blood of the animal be hydremic and the systolic blood pressure 
well maintained, urine formation is reduced. 

At the end of the second half hour period of the experiments the animals were 
given the second injection of the stronger carbonate solution. This injection in- 
duced a secondary increase in the reserve alkali of the blood which varied from 8.3 
to 8.5. 

There occurred a rise in the systolic blood pressure of all of the animals. The 
blood pressure of the different animals varied from 118 to 136 mm. of mercury. 

Following these changes there was a transitory and sli|^t increase in urine for- 
mation in two of the animals; no increase occurred in one animal, and in the re- 
maining animals urine formation was reduced. 

By the end of the fourth half-hour period of the experiments, one hour after the 
second injection of the carbonate solution, there was but slight change in the add- 
base equilibrium of the blood. The reserve alkali readings varied from 8.2 to 8.4. 
Those animals in which the reserve alkali of the blood showed the least depletion 
toward the normal showed the greatest reduction in mine formation. The animal 
of Experiment 12 was anuric at this period and two of the animals, Experiments 
8 and 11, were forming only 1 drop of urine per minute. 

From this stage of the experiments until their termination two hours later, the 
changes were in general constant for all of the animals. The disturbance in the 
add-base equilibrium of the blood was not adjusted. At the conclusion of the 
experiments the reserve alkali readings varied from 8.1 to 8.35. 

Urine formation underwent a progressive reduction, so that at the end of the 
experiments six of the ten animals were anuric and one of the remaining animAl$ was 
forming only 1 drop of urine every two minutes. The maximum urine flow was 5 
dn^ per minute. 

Those animab in whidi there persbted the more marked dbturbance in the 
add-base equilibrium of the blood were the first animals of the group to show a 
marked reduction in urine formation or to become anuric; while the animals in 
which the reserve alkali of the blood had been reduced toward the normal were 
the animab that formed urine to a bter period in the experiments or remained 
diuretic until their termination. 
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The urine collected during the course of the experiments contained <mly a trace 
of albumin and no casts* In five of the aniinris the amount of albumin was 
distinctly less than was normal for the nephropathic animal. Diacetic add was 
not present in the urine. 

In all of the animals the elimination of phenolsulphonephthalein underwent a 
marked reduction. In three of the animals only a trace of the dye could be de- 
tected in the urine. In the remaining animals in which mine formation was 
sufi&dent to permit a determination, the elimination varied from 10 to 25 per cent. 
This observation is of interest when contrasted with other changes in the urine. 
The amount of albumin in the urine may be reduced to a mere trace and yet the 
elimination of phenolsulphonephthalein may be so low as not to permit a deter- 
mination. 

The histological dianges which developed in these naturally nephropathic 
animals show an exaggeration of the type of change that has been described as 
occurring in the animals that received a weaker solution of sodium carbonate. 

The same type of chronic glomerular pathology has been observed. No acute 
exudative or degenerative changes have developed in the glomeruli. The tubular 
epithelium either shows no stainable lipoid material, or it is present as minute 
dust-like partides. 

The characteristic damage to the kidney occurs in the cells of the convoluted 
tubules. These cdls are severely swollen, vacuolated and undergoing necrosis. 
Such changes are less marked in those animals that were able to effect some restora- 
tion toward the normal in the add-base equilibrium of the blood. Fig. 4. Study 

n. 

Conclusions Concerning the Effect of a SoluHon of Sodium Car- 
bonate Equimolecidar with a 3 Per Cent. Solution of Sodium 
Chloride on Renal Function and Pathology in 
Naturally Nephropathic Dogs. 

1. A solution of sodium carbonate equimolecular with a 3 per 
cent, solution of sodium chloride is more toxic for naturally nephxo- 
pathic animals than is a solution equimolecular wth a 1.5 per cent, 
solution of sodium chloride. 

When the stronger solution is given to such animals there occurs 
a more marked disturbance in the add-base equilibrium of the blood 
and with this greater degree of disturbance there is shown less ability 
on the part of the animals to deplete the reserve alkali and re-estab- 
lish a normal physico-chemical state of the blood. 

2. After a transitory increase in urine formation following such 
injections, there devdops a rapid reduction in urine formation. 
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The peraisting and marked change in the duuracter of the blood 
furnished the kidn^ so alters its environment that its functional 
response is reduced very early in the eaperiments. 

3. A second injection of such a solution intoisifies this disturbance, 
and following it the organism shows a lessened ability to readjust 
its add-base equilibrium toward the normal. Urine formation is 
further reduced or the animals become anuric, even though the 
systolic blood pressure of the animals be well maintained and the 
blood going to the kidney be kept in a hydremic state. 

4. This inability of the kidney to functionate with such a distur- 
bance in the add-base equilibrium of the blood suppUed, is further- 
more shown by its inability to eliminate phenolsulphonephthaldn. 

5. The anatomical changes developing in the kidney under such 
a changed envirorunent are similar in character, though more ex- 
tensive in degree, to those changes previously described for the 
kidneys of naturally nephropathic animals that received a weaker 
solution of the alkali and which were able more nearly to restore 
the add-base equilibrium of the blood to the normal. 

General Discussion of the Effect on Renal Function and Pathology of 
Inducing a Disturbance in the Acid-Base EquUibriunt of the 
Blood of Both Normal and Naturally Nephropathic 
Animals by the Introduction of Acid 
and Alkaline Solutions. 

A review of the results obtained in Studies I and II in which add 
and alkaline solutions were administered intravenously to both 
normal and naturally nephropathic animals not only shows certain 
variations in the quantitative response of these two types of animals 
to such solutions, but the observations permit certain condusions 
ccmceming the influence of changes in the add-base equilibrium of 
the blood on renal function and pathology. Probably similar changes 
devdop in the functional units of the organism other than the kid- 
neys. The kidney, as was pointed out earlier in these studies, was 
sdected for these observations on account of the ease with which 
its functional respcmse can be ascertained and for the reason that it 
is the functional unit of the animal that has most to do with main' 
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tadning a nonnal ph}rsico-dieimcal state of the blood, to wbkb -oot 
only the kidney but all other functional jt^ts must probably adjust 
themselves in order to functionate in a normal maimer. 

When a normal solution, such as isotonic sodimn chloride, is given 
intravenously either to normal or to naturally nephropathic animals 
there occurs no pronoimced dimetic effect even though certain 
conditions are made more favorable for urine formation. Such a 
solution produces a more hydremic blood, the viscosity of the blood 
is decreased and there is a rise in systolic blood pressure. 

When abnormal solutions, such as solutions of hydrochloric add 
or sodium carbonate, are given to normal or to natimally nq)hropathic 
animals a change in the blood chemical environment of the animal 
is induced, and there is at once thrown into operation a mechanism, 
the kidney, which attempts by a great increase in its functional 
response to restore the normal physico-chemical state of the blood 
in so far as the normal add-base equilibrium of the blood is con- 
cerned. 

In normal animals, as such a restoration is effected, there occurs 
a decrease in urine formation which is not due to a renal injury 
induced by the solutions. At such a time, when urine formation 
is decreased, the elimination of phenolsulphonephthalein by the 
kidney is but slightly interfered with. If the use of such solutions 
be repeated and the add-base equilibrium of the blood again dis- 
turbed, the kidney responds to this further change in its enviromnent 
by another attempt at readjustment. In this second response even 
the normal kidney has been found to be inadequate. The disturbed 
physico-chemical state of the blood is not readjusted with suflSdent 
rapidity or to a proper degree to enable the kidney to cope with its 
environment, and this lack of adjustment is expressed functionally 
by a decrease in urine formation or the development of an anuria, 
by the appearance of albumin in the urine, and by a greatly reduced 
elimination of phenolsulphonephthalein. 

The pathological response on the part of the kidneys of both 
normal and naturally nephropathic dogs to such mi alteration in 
their blood chemical environment has with one difference been the 
same, irrespective whether the changed environment was due to an 
excess of hydrogen or hydroxyl ions. The changes in the kidn^ 
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am BOt tii«ref(»« be ssciibed to any q>edfic influence of add or 
aflcaline sdutioas. 

lliese changes consisted in edema and vacuolation of the renal 
cpithdium and particularly of the spedalized cells which line the 
omvolated tubules. 

Ihe necrotic changes in the epithelium varied in the diflermt 
anhnals. Those animals that effected the least restoration toward 
the normal in the acid-base equilibrium of the blood were the animals 
in which the most marked epithelial degeneration occurred, regard- 
less of whether an add or an alkaline solution was emplc^ed. 

The difference in the pathological response of the kidneys of these 
animals to add or alkaline solutions was assodated with the amount 
of stainable lipoid material which can be demonstrated in the renal 
Q)ithdium. This difference does not depend upon the degree of 
the distiurbance in the add-base equilibrium of the blood, but is 
assodated with the character of the disturbance, whether it be due 
to an excess of hydrogen or hydroxyl ions. If the disturbance was 
.induced by the introduction of an acid solution, the amount of 
stainable lipoid material is very greatly increased in the cells of the 
loops of Henle and furthermore appears in the convoluted tubule 
^ithelium. If, on the other hand, the change in the add-base 
equilibrium of the blood was induced by the use of an alkaline solu- 
tion, there is a decrease or absence of such stainable lipoid in the 
cells of the loops of Henle and in the cells of the convoluted tubules. 

In the studies that have been made in naturally nephropathic 
animals of the disturbance in the add-base equilibrium of the blood 
from the use of add or alkaline solutions a similar type or quality 
of response was obtained, though the degree of disturbance was in 
excess of that observed in normal animals. 

In six of the naturally nephropathic animals, the kidneys were 
unable prior to any experimental interference to mdntain a normal 
add-base balance of the blood. When a solution of hydrochloric 
add is administered to such an animal normally under the strain 
as a result of the chronic nephropathy of maintaining a normal add- 
base equilibrium of the blood, the solution induces a more marked 
disturbance in this physico-chemical state of the blood than is in- 
duced in a normal animal. 
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The kidn^r responds to this dianged environment by an increase 
in urine formation, which in turn is not so marked as that which 
occurs in a nonnal animal. The r^toration of the acid-base equi- 
librium of the blood is not accomplished to the same degree as occurs 
in nmrmal animals. The changed environm^t persists, an adaptation 
of the kidney to this environment in terms of its functional response 
in not made, and urine formation is reduced. When such a solution 
is again introduced into a naturally nephropathic animal, there 
occurs a further dq)arture from the normal in the blood chemical 
oivircmment of the kidney, and urine formation is usually rapidly 
reduced and a state of anuria established. 

When alkaline solutions are given intravenously to naturally 
nephropathic animals, the resiilts obtained depend upon two factors; 
first, the molecular concentration of the sdution; and second, whether 
or not at the time of the use of the solution the animal was able 
to maintain a nonnal alkali reserve of the blood. 

When solutions of sodium carbonate equimolecular with a 1.5 per 
cent, solution of sodium chloride are administered to naturally 
nephropathic animals with a normal add-base equilibrimn of the 
blood, there occurs following the disturbance induced in this equilib- 
rium a free diuresis. The kidney either effects a restoration of its 
normal blood chemical environment or a restoration is established 
to such an extent that the kidney remains uninjured. 

When a second injection of such a solution is employed, the dis- 
turbance in the add-base equilibrium of the blood is more marked 
than occurred from the first injection. The change in onvironmast 
is so great that the kidney can not effect a rapid readjustment, and 
the inability to make this adjustment is shown by a decrease in urine 
formation, which may go to the extent of the establishment of a sta^e 
of anuria. When, however, such a solution of sodium carbonate is 
given to naturally nephropathic animals with a decrease in the 
reserve alkali of the blood below the normal, the result is either to 
re-establish a normal blood chemical environment for the kidney to 
functionate in, or to disturb this environment to a less degree than 
is induced when such a solution is given to an animal with a normal 
add-base equilibrium of the blood. In such animals the functional 
response of the kidney is improved, urine formation is more marked, 
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and the dimination of phencdsulphonqphthalein is reduced to a less 
extent. 

The response naturally nephr<^athic animals to intravenous 
injections of a sdution of sodium carbonate equimolecular vith a 
3 per cent, solution of sodium chloride is of the same general characta: 
as that outlined when the weaker solution of the alkali is given to 
sudi animals. The disturbance in the add-base equilibrium of the 
blood is more marked from such a solution, so that even from the 
first injection only a slight diuretic effect may be obtained. The 
blood chemical environment of the kidney remains severely altered. 

When the second injection of the stronger carbonate solution is 
employed, with the kidney even at this early stage unable to readjust 
its environment, there occurs in most of the animals a further reduc- 
tion in urine formation, a more marked disturbance in the physico- 
chemical state of the blood, a very great reduction or a practical 
absence of the elimination of phenolsulphonephthalein, and in the 
majority of the animals an anuria is established. 

The pathological response of the naturally nephropathic kidney 
to the al k al in e solutions of different molecular concentration has 
beai of the same type as has occurred from the use of add solutions, 
with the excq)tion noted in connection with the amount of stainable 
lipoid material that can be demonstrated in the renal epithelium. 
These changes have been very largely localized m the convoluted 
tubule epithelium, and consisted of an edema with vacuolation and 
necrosis of these cells. The degree to which these changes develop 
depends upon the duration and severity of the disturbance in the 
blood chemical environment of the kidney. 
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Fig. 1. Camera lucida drawing. LciU Oc. 2, obj. 6. 


The figure is from the kidney of the naturally nephropathic control animal of 
Experiment 1, Study II, Table 1. The animal was anesthetized by Grehant’s 
anesthetic for a period of four hours. With the completion of a satisfactory state 
of anesthesia, the animal was given intravenously 25 c c. per kilogram of a 0 9 
per cent, solution of sodium chloride. The animal did not receive either an acid 
or an alkaline solution during the experiment An anesthesia of this duration 
with Grehant’s anesthetic in a naturally nephropathic animal has resulted in a 
decrease in urine formation so that at the end of the experiment only two drops of 
urine per minute was formed The reserve alkali of the blood was reduced from 
the normal of 8 0 to 7.9. The amount of albumin in the urine was increased. 
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The elimination of phenolsulphonephthalein was reduced from the normal of 56 
per cent, to 35 per cent. 

At A, are shown glomeruli with an increase m iluclei and an obliteration of the 
capillary loops. The capillary mass is lobulated and adherent in places to the 
capsule. At B, are shown convoluted tubules with edematous epithelium. At C, 
are other tubules in which the swelling is less marked. 



Fig. 2. Camera lucida drawing. Lcitz Oc. 2, obj. 6. 

The figure is from the kidney of the naturally nephropathic animal of Experi- 
ment 15, Study II, Table 1. 

The animal received two injections of N/2 hydrochloric acid. The animal was 
unable to re-establish a normal acid-base equilibrium of the blood. The reserve 
alkali of the blood was reduced from the normal reading of 8.0 to 7.6. Early in the 
experiment a heavy precipitate of albumin appeared in the urine. Numerous casts 
were present. The elimination of phenolsulphonephthalein was reduced from 46 
per cent, to a mere trace. Early in the experiment the animal became anuric. 
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At A, is shown a large glomerulus. The walls of the capillaries are greatly 
thickened. At one place the loops are adherent to the thickened capsule. At B, 
are shown convoluted tubules severely swollen, vacuolated and in an early stage 
of necrosis. 



Fig. 3. Camera lucida drawing. Leitz Oc. 2, obj. 6, 

The figure is from the kidney of the naturally nephropathic animal of Experi- 
ment 2, Study II, Table 2, 

The animal received two intravenous injections of a solution of sodium carbonate 
equimolecular with a 1.5 per cent, solution of sodium chloride. The animal suc- 
ceeded in a partial restoration of the add-base equilibrium of the blood. At the 
termination of the experiment the reserve alkali was 8.1 as opposed to the normal 
reserve alkali of 8.0. The flow of urine was 5 drops per minute. The urine was 
free from both albumin and casts. The elimination of phenosulphonephthalein 
was only reduced from the normal of 42 per cent, to 38 per cent. 
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At A, is shown a severely fibrosed glomerulus with a thickened capsule and a 
pcriglomerular fibrosis. At B, are shown convoluted tubules with a variable 

amount of swelling of the cells. The nuclei in gehetal stain well. The cells are not 
necrotic. 



Fig. 4. Camera lucida drawing. Leitz Oc. 2 , obj. 6. 

nephropathic animal of Experi- 
ment 14, Study II, Table 2. 

The anii^ received two intravenous injections of a solution of sodium carbonate 
equimolecular with a 3 per cent, solution of sodium chloride. The animal was 
unable to re-establish a normal acid-base equiUbrium of the blood. At the ter- 
mination of the ^periment the reserve alkali was 8.3, as opposed to the normal 
reserve amah of 8.05. The animal during the course of the experiment became 
anunc. Before Ae establishment of the anuria the urine contained albumin but 
no casts. ^ Pnenolsulphonephthalein appeared as a trace. 

At A, IS shown a large glomerulus. The capillary waUs are greatly thickened. 
The capillary loops are adherent to the capsule which is only slightly thickened. 
At B, are shown convoluted tubules. The epithelium is edematous and vacuolated 
and shows in some tubules a well advanced necrosis. 



[Reprinted from The Journal of Metabolic Research, AprU, 1923, VoL 3, No. 4, 
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STUDIES CONCERNING THE INFLUENCE OF A DIS- 
TURBANCE IN THE ACID-BASE EQUILIBRIUM 
OF THE BLOOD ON RENAL FUNC- 
TION AND PATHOLOGY.* 

Stitdy III. The Ability of an Alkaline Solution to Pro- 
tect THE Kidney of Normal and Naturally Ne- 
PHROPATHic Dogs against an Acid Solution. 

By WM. deB. MacNIDER. 

{Prom the Laboratory of Pharmacology, University of North Carolina^ 

Sellards* in one of his earlier studies observed the value of sodium 
bicarbonate in the acidosis associated with the uraemia of cholera 
and in nephritis. At a date later than this studies*’® conducted in 
this laboratory demonstrated that the toxicity of uranium nitrate 
for the kidney was in part dependent upon the degree of disturbance 
this substance was able to induce in the acid-base equilibrium of the 
blood. The investigations furthermore demonstrated that if ani- 
mals were protected against this disturbance in the physico-chemical 
state of the blood by the use of a solution of sodium carbonate, various 
diuretic solutions were more effective in such acutely nephropathic 
animals than they were in control animals that had not received the 
protection. More recent studies^-® relative to the toxic effect of 
the general anesthetics for the normal and naturally nephropathic 
kidney have shown a relationship to exist between the degree of 
disturbance induced by the anesthetic in the acid-base equilibrium 
of the blood with the toxicity of such substances for the kidney. 
These studies furthermore demonstrated the ability of a solution of 
sodium carbonate to protect the normal kidney and, to a less extent, 
the naturally nephropathic kidney against such an injury. 

In an investigation" of a similar nature, the observation was made 
that if a solution of sodium carbonate be given acutely nephropathic 
animals before the commencement of an anesthetic the kidneys are 

* Aided by a grant from The Rockefeller Institute for Medical Research. 
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protected against the toxic effect of the anesthetic substance. This 
observation was at a later date confirmed by Goto.^ Very recently 
Hara® has shown the value of a diet which induces an alkaline urine 
in protecting the kidneys of rabbits against injury. 

In the preceding investigations, Studies I and II, the observation 
has been made that when the blood chemical environment of the 
kidney of normal and naturally nephropathic animals was changed 
to a sufficient degree by a disturbance in the acid-base equilibrium 
of the blood, the kidney was unable to readjust its environment, a 
definite type of renal injury was induced, and the functional re- 
sponse of the kidney was decreased or suspended. 

These studies have shown that the intravenous injection of 5 cc. 
per kilogram of a N/2 solution of hydrochloric acid in normal dogs 
induces such a change in the physico-chemical state of the blood 
that renal function is very greatly reduced. When such solutions 
are administered to naturally nephropathic animals, cither a more 
marked interference with renal function occurs or an anuria develops. 
A further observation has been made in these experiments: that one 
intravenous administration of 25 cc. per kilogram of a solution of 
sodium carbonate equimolecular with a 1.5 per cent, solution of 
sodium chloride does not alter the environment of the kidney to the 
extent that it can not effect a readjustment of the acid-base equi- 
librium of the blood to within normal bounds. The use of such a 
solution does not decrease the functional response of the kidney. 

With these observations in mind, the following investigation was 
undertaken to ascertain the ability of a solution of sodium carbonate 
equimolecular Avith a 1.5 per cent, solution of sodium chloride to 
protect both the normal and naturally nephropathic kidney against 
the toxic effect of a N/2 solution of hydrochloric acid. 

Ten normal and eight naturally nephropathic dogs were used in these experi- 
ments. Five of the normal animals served for control experiments. Such 
animals were given the solution of hydrochloric add but did not receive prior to 
such an injection a solution of sodium carbonate. The remaining animals were 
first given the alkaline solution and at a later period the acid solution. 

Of the eight naturally nephropathic animals four were used for control experi- 
ments. They were given the acid solution but not the alkaline solution. The 
remaining animals were first given the solution of sodium carbonate and half an 
bout later a N /2 solution of hydrochloric add. The results obtained in six of the 
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normal animals and in six of the xuiturally nephropathic animals were included in 
Table I, Study 1. The e3qperimental technique^employed in these experiments was 
identical with that used in the previous studies. 

The Ability of an Alkaline Solution to Protect the Kidneys of 
Normal Dogs against an Add Solution. 

The preliminary study of these animals showed them to have a normal urine. 
The elimination of phenolsulphonephthalein varied from 60 to 81 per cent. 
The reserve alkali of the blood varied from 8.0 to 8.1. 

The control experiments 1, 4 and 6, Table I, show the effect of a N/2 solution of 
hydrochloric acid in normal animals that had not had the protection of an alkaline 
solution. Experiments 3, 5 and 7 show the results obtained in such animals that 
have received an alkaline solution prior to the use of the solution of hydrochloric 
acid. 

Following the development of an anesthesia from Grdhant’s anesthetic, the 
animals were as usual given 25 cc. per kilogram of isotonic sodium chloride solu- 
tion. The control animals of this normal group, Experiments 1 , 4 and 6, developed 
a diuresis which varied from 14 to 21 drops of urine per minute. The S 3 rstolic 
blood pressure varied from 100 to 121 mm. of mercury. The reserve alkali of the 
blood remained unchanged. 

At the end of the first half-hour period of the experiments the animals were 
given S cc. per kilogram of a N/2 solution of hydrochloric acid. The use of the 
solution induced a reduction in the reserve alkali of the blood which varied from a 
minimum depletion of 7.9 to a maximum depletion of 7.85. Associated with this 
change in the acid-base equilibrium of the blood, it was observed that the animals 
became very freely diuretic. The flow of urine varied in the respective animals 
from 22 to 30 drops per minute. In three of the animals no attempt at a restora- 
tion of the reserve alkali of the blood was observed. In the remaining animals 
the depleted reserve alkali was restored toward the normal. By the end of the 
fourth half-hour period of the experiments the reserve alkali of the blood had in- 
creased in all of the animals, but in none did the readings return to the normal. 
At this stage of the experiments, when the animals had been unable to readjust 
their acid-base equilibrium, a marked reduction in urine formation developed wMch 
varied from an output of 14 drops of urine per minute by the animal of Experim^t 
6 to an output of 2 drops per minute by the animal of Experiment 1. The systolic 
blood pressure in these control animab varied from 100 to 124 mm, of mercury. 

A study of the further course of the experiments showed no increase in the 
reduction of the alkali reserve of the blood. There is a continued inability on the 
part of the animals to restore the depleted reserve alkali to- the normal. During 
this period urine formation decreased, so that at the termination of the experi- 
ments one of the animals was anuric. The maximum flow of urine was 2 drops 
per minute. The systolic blood pressure for the different animals varied from 102 
to 118 mm. of mercury. 
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A iitody ol <1)6 urine fcmned by the ccmtiol animate during the esQKnmmts 
dbuwa that the uae of the acid idution without protection against it by the use of 
an alkali leads to the develoimient of an albuminuria with casta. Diaoetic add 
was present in the urine of two of the animals. The elimination of phenolsul- 
phom^thalein was reduced during the course of all of the experiments. The 
output of the dye in a two hour period varied from 33 to 40 per cent. 

The histolo^cal study of the kidneys of the control animals failed to show any 
injury to the glomeruli. The q>ithelium, especially that of the convoluted tubules, 
showed doudy swelling and edana. Vacuolatkm of these cells was not frequent 
or uniform and only occasionally were necrotic changes observed. Fig. I. Study 

in- 

The results obtained in normal dogs protected against the add solution by a 
prdiminary administration of one injection of a solution of sodium carbonate are 
represented in Table I, by Experiments 3, 5 and 7. 

Following an interval of half an hour after the development of an anesthesia 
and the usual intravenous injection of isotonic sodium chloride solution, these 
animals were given by vein 25 cc. per kilogram of a solution of sodium carbonate 
equimolecular with a 1.5 per cent, solution of sodiiun chloride. 

The reserve alkali of the blood in the different animals increased from the normal 
readings of 8.0 to 8.1 before the experiments to readings after the use of the alkaline 
solution which varied from 8.15 to 8.25. The systolic blood pressure in the differ- 
ent animals varied from 126 to 146 mm. of mercury. Inunediately following this 
disturbance in the add-ba^ equilibrium of the blood a profuse diuresis developed 
in all of the animals. The ffow of urine varied from a minimum output of 31 drops 
of urine per minute by the animal of Experiment 5 to a maximum ffow of urine of 
63 drops per minute by the animal of Experiment 7. 

At this stage of the experiments the animals were given intravenously 5 cc. per 
kilogram of a N/2 solution of hydrodiloric add. Such injections resulted in a 
sudden reduction of the alkali reserve of the blood and in two of the animals were 
followed by a reestablishment of the normal add-base equilibrium. Following this 
dbange, at the end of the second half-hour of the experiments, the animals con- 
tinued freely diuretic even though the systolic blood pressure had undergone a 
reduction in all but two of the animals. 

From this stage of the eiperiments until their termination at the end of the four 
hour period the results have been very uniform in the different animals. As the 
experiments progress there occurs a gradual reduction in urine formation. None 
of the animals became anuric. At the end of the experimental period the flow of 
urine in ihe different animals has varied from 11 to 18 drops per minute. The 
reserve alkali of the blood at the end of the experiments h^ within the normal 

jk>r all of the animab. The reserve alkali has varied from 8.0 to 8.05. 

Urine collected during the experiments has been variable as to the presence of 
albumin and casts. Two of the a nimals had a urine which showed a trace of 
albumin but no casts. The urine from the remaining animals was free from both 
albumin and casts. Diacetic add was not present. 
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The dhaimtioii of pheaolsuliJioiuphthaleiB was teduced from the itonodi Tcad- 
iogs obtained prior to the e3q)arimeat8, but ^.reduction was much less fitan 
occurred in the control animals that <!Ud not receive an alkali. The eliminathm 
die dye by the different animals varied from a minimum output of 55 pa cent, to 
a maximum output of 65 per cent. 

Hie histological changes in the kidneys of these animak that have been protected 
against the toxic effect of a solution of hydrochloric add by the use of a solution of 
sodiiun carbonate are negative in diazacter when compared with the remits ob> 
tamed in the control group of animals. The g^omeruU a|q>ear normal. The 
tubular epithelium is shrunken. The cytoplasm stains well and shows a moderate 
degree of granulation. Vacuolation and necrosis of the cells were not observed. 
Fig. 2. Study III. 

Conclusions Concerning the Ability of an Alkaline Solution to 
Protect the Kidney of Normal Dogs against an Add 
Solution. 

1. The intravenous injection of 5 cc. per kilogram of a N/2 sdu- 
tion of hydrochloric add in normal dogs induces a disturbance in 
the add-base equilibrium of the blood which the animal is unable 
to readjust in a four hour period. 

2. Assodated with this disturbance in the physico-chemical state 
of the blood, urine formation is gradually decreased or the animals 
become anuric. Albumin and casts appear in the urine and the 
dimination of phenolsulphonephthalein is markedly reduced. The 
kidneys of such animals show the usual histological changes common 
to such a disturbance in their environment. The ^ithelium of the 
tubules is edematous and vacuolated and more rarely shows an early 
neaosis. 

3. When normal animals are given 25 cc. per kilogram of a solution 
of sodiiun carbonate equimolecular with a 1.5 per cent, solution of 
sodium chloride and at a later period of the experiment given a similar 
amount per kilogram of a solution of hydrochloric add as was given 
to the control animals, the animals recdving the alkaline solution 
are in part protected against the toxic efiect of the add solution. 

4. The use of such an alkaline solution decreases the degree of 
disturbance in the add-base equilibrium of the blood which is 
induced by an add solution. Such animals are able to restore the 
add-base equilibrium of the blood to within normal readings. With 
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this lack of departure in the blood chemical environment of the 
kidney from the normal, urine formation continues throughout the 
experiments, either no albumin appears in the urine or it occasionally 
appears as a trace. The elimmation of phenolsulphonephthalein 
is but slightly reduced. 

5. The histological study of the kidneys of such animals shows 
anatomical evidence of protection. The epithelium of the tubules 
is not edematous or vacucdated as is the case with such cells that 
have been subjected to a changed environment from the use of an 
add solution without the protection of an alkali. 

The Ability of an Alkaline Solution to Protect the Kidney of 
Naturally Nephropathic Dogs against an Acid Solution. 

Eight naturally nephropathic animals were used in these experiments. The 
urine from all of the animals contained both albumin and casts. The elimination 
of phenolsulphonephthalein varied in the respective animals from 34 to 52 per cent. 
The reserve alkali of the blood varied from 7.9 to 8.05. 

The results obtained from a study of this group of animals are represented by 
six experiments included in Table Study III. The animals of Experiments 
5 and 8 served in the capacity of controls. These dogs received one injection of 
N/2 solution of hydrochloric acid without a preliminary injection of an alkaline 
solution. The animals of Experiments 4, 6 and 9 were first given intravenously a 
solution of sodium carbonate and at a later period in the experiments an acid 
solution. 

Following the development of an anesthesia from Grehant^s anesthetic the 
naturally nephropathic animals were given intravenously 25 cc. per kilogram of a 
0.9 per cent, solution of sodium chloride. Urine formation by these animals 
varied from 4 to 18 drops per minute. The naturally nephropathic animals were 
less responsive to the diuretic effect of such a solution than was the case with the 
former group of normal animals. The systolic blood pressure in the naturally 
nephropathic dogs has varied from 105 to 130 mm. of mercury. 

The control animals of this group were now given 5 cc, per kilogram of a N/2 
solution of hydrochloric acid. 

The reserve alkali of the blood was reduced to readings which varied from 7.8 
to 7.9, In the animal of Experiment 1, in which the reserve alkali was only re- 
duce^ from the normal of 8.0 to 7.9, there was an initial increase in urine formation 
from 4 drops per minute to 6 drops per minute. In the animal of Experiment 5, 
in which the reserve alkali was reduced from 7.95 to 7.8, the animal became anuric. 
In the remaining animals urine formation was reduced. There was no attempt by 
any of the naturally nq^ropathic animals to restore the normal add-base equi- 
librium of the blood. On the contrary, during the course of the experiments the 
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reserve aScdi of die blood underwent a progressive depletion. At the termination 
of the experiments the reserve alkali readings for the different animals varied frwn 
the low reading of 7.7 to 7.8, '* 

Assooated with the continuation of this disturbance in the physico-chemical 
state of the blood, urine formation rapidly decreased in all of the animals so that 
by the end of the third hour of the experiments all of the animals were anuric. 
At this period of the estaUishment of an anuria the systolic blood pressure for the 
respective animals varied from 105 to 110 mm. of mercury. 

The results obtained in this control group of naturally nephtopathic *initirmk 
differ only in degree from those obtained in the group of control normal animab. 
The normal animals that received a solution of hydrochloric acid were able either 
to restore the acid^base equilibrium of the blood toward the normal or to maintain 
it at a reading not below 7.9. These animab showed a reduction in urine forma- 
tion. With thb degree of dbturbance in the environment of the kidney, thb unit 
was still able to functionate to a lessened degree. In the naturally nephropathic 
animals the use of such an acid solution causes a greater dbturbance in the en- 
vironment of the kidney, and the primarily damaged organ is unable to establish 
through increased function a restoration of the normal physico-chemical state of 
the blood. Ibb inability b expressed by a rapid decrease in function and finally 
by its arrest. 

The urine collected during these experiments contained both albumin and casts. 
The elimination of phenolsulphonephthalein was so greatly reduced that a quanti- 
tative determination of the output was impossible. The time of the appearance 
of the dye was greatly delayed, and its output was only a trace. 

The hbtological study of the control naturally nephropathic animab ^ows in 
general the same type of chronic glomerular pathology described in the previous 
studies. The glomeruli show no evidence of acute degenerative changes. The 
tubular epithelium of the kidney is the tbsue which shows the effect of the physico- 
chemical change that the acid solution has induced in the blood. These cells, 
and espedally those of the convoluted tubules, show a marked edema and vacuola- 
tion and the cells of many of the tubules show an advanced necrosis. Fig. 3. 
Study III. 

The results obtained in naturally nephropathic dogs protected against an acid 
solution by the preliminary adminbtration of one injection of a solution of sodium 
carbonate are represented in Table I, by Experiments 4, 6 and 9. 

Following thfe development of a state of anesthesb, the ftoiiTia l . s were given 
intravenously the usual solution of isotonic sodium chloride. Urine formation by 
the different animals varied from 4 to 7 drops per minute. The systolic blood 
pressure varied from 112 to 130 mm. of mercury. Determinations of the reserve 
alkali of the blood varied from 7.9 to 8.0. 

At the end of the first half-hour period of the e:q>erinients the animals were 
given 25 cc. per kilogram of a solution of sodium carbonate equimolecular with a 
1.5 per cent, solution of sodium chloride. The reserve alkali of the blood was 
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iocreaaed in all of the animals, but the degree of disturbance was not so marked as 
was the case in the animals with a normal alkali reserve. These determinations 
for the group of naturally nephropathic animals following the use of the alkali 
varied horn a reading of 8.1 in the animal of Experiment 6 to a reading of 8.2 in 
the animal of Esqperiment 9, 

Associated with this change in the acid-base equilibrium of the blood, urine 
formation increased in all of the animals. The degree of increase was not so great 
as was the case with the normal animals. The flow of urine varied from a mini- 
mum output of 26 drops per minute by the animal of Experiment 4 to a maximum 
output of 31 drcps by the animal of Experiment 9. The systolic blood pressure 
in tht difierent animals varied from 128 to 138 mm. of mercury. 

At this stage of the experiments the animals were given intravenously 5 cc. per 
kilogram of a N/2 solution of hydrochloric acid. The reserve alkali of the blood 
was reduced in all of the animals by such an injection, but not to a point below the 
normal. The alkali reserve readings for the respective animals varied from 8.0 
to 8.1. Associated with a failure of the acid solution to reduce the alkali reserve 
of the blood below the normal, mine formation continued and in only two of the 
animals was there any reduction in urine formation. At this stage of the experi- 
ments with the control animals that had not received an alkaline solution urine 
formation was reduced, or the animals had become anuric. 

During the remainder of the experiments, these naturally nephropathic animals 
that had received the solution of sodium carbonate continued to form urine. At 
the conclusion of the experiments urine formation by the different animals varied 
from 8 to 14 drops per minute. 

As the experiments progressed the reserve alkali of the blood underwent a reduc- 
tion. This change was much less naarked than was the case with the control 
animals of the group that had not received the alkaline solution. The reserve 
alkali determinations at the end of the ^periments varied from 7.9 to 8.0. The 
systolic blood pressure in the different animals varied from 105 to 120 mm. of 
mercury. Urine collected during the course of the experiments showed a trace of 
albiunin and no casts. Diacetic add was present in the urine of three of the 
animals. 

The elimination of phenolsulpbonephthalein was reduced to a greater extent 
than was the case with the normal animals protected by the use of an alkali, but 
the elimination was greater than the elimination by the naturally nephropathic 
animals that did not have this protection. The output of the dye in a two hour 
period varied from 22 to 30 per cent. 

A study the kidneys of this group of naturally nephropathic animals that 
reCQved an alkaline solution prior to &e use of a solution of hydrochloric add 
shows anatomical evidence of protection in that there less edema and vacuolation 
txl the qiitheliuffl, and necrotic changes in these cells are rarely observed. Fig. 4. 
Study in* 
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Conclusions Concerning the Ability of an Alkaline Solution to 
Protect the Kidneys of Naturally Nephropathic Dogs 
against an Acid Solution, 

]. The naturally nephropathic kidney is more susceptible to the 
toxic effect of a N/2 solution of hydrochloric acid than is the normal 
kidney. Such a solution in naturally nephropathic animals induces 
a more marked disturbance in the acid-base equilibrium of the blood. 
The naturally nephropathic animal is unable to readjust this dis- 
turbance and establish a normal physico-chemical state of the blood. 

2. As a result of the persistence of such a disturbed environment 
renal function is rapidly reduced, albumin and casts increase in the 
urine, the elimination of jihenolsulphonephthalein is delayed and 
decreased in its output to a trace. The animals become anuric. 

3. The intravenous injection of a solution of sodium carbonate 
equimolccular with a 1.5 per cent, solution of sodium chloride before 
the use of such an acid solution confers a partial protection to the 
kidneys in such animals. The protection is shown by the naturally 
nephropathic animals being more nearly able to maintain a normal 
acid-ba.se equilibrium of the blood. With the physico-chemical 
state of the blood more nearly approaching the normal, the naturally 
nephropathic animals that have received the alkaline solution con- 
tinue to form urine until the termination of the experiments. The 
urine from such protected animals has contained only a trace of 
albumin and no casts. The elimination of phenolsulphonephthalein 
is in excess of that obtained from the animals without the protection. 
The histological evidence of injury to the kidney is less marked than 
is the case in naturally nephropathic animals that have not been 
protected by the use of an alkaline solution. 
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DESCRIPTION OF FIGURES. 
STUDY III. 



Fig. 1. Camera lucida drawing. Leitz Oc. 2, obj 6 


The figure is from the normal control animal of Experiment 1, Study III, 
Table I. 

The animal was given 5 cc. per kilogram of a N ^2 solution of hydrochloric 
acid. There developed a marked disturbance in the acid-base equilibrium of the 
blood and a progressive reduction in urine formation. At the termination of the 
experiment the animal was forming only 2 drops of urine per minute. The reserve 
alkali at the end of the experiment was 7 9 The elimination of phenolsuliihoneph- 
thalein was reduced from the normal of 76 per cent, to 34 per cent. Albumin 
and casts were present in the urine 

At A, is shown a normal glomerulus At B, arc shown convoluted tubules with 
the epithelium severely swollen. Vacuolation and necrosis arc occasionally seen. 
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Fig 2 Camera lucida drawing. Lcitz Oc. 2, obj 6. 

The figure is from the normal animal of Experiment 5, Study III, Tabic I. 

The animal was protected against the toxic effect of a N 2 solution of hydro- 
chloric acid b\ a j)r(iiminary intravenous injection of 25 cc per kilogram of a solu- 
tion of sodium carbonate equimolecular with a 1 5 per cent solution of sodium 
chloiidc. iiie ac id base equilibrium of the blood was well maintained throughout 
the experiment The reserve alkali of the blood at the conclusion of the experi- 
ment was 8.05 as opposed to the normal alkali reserve of 8.1. The animal w'as 
freelv diuretic during the experiment. The flow of urine at the end of the experi- 
ment was 12 drops per minute Neither albumin or casts w^ere present in the 
urine. The elimination of phenolsulphonephthalein was only reduced from the 
normal output of 81 per cent to 65 per cent 

At A, IS shown a normal glomerulus which fills the capsular space. At B, are 
shown convoluted tubules with a shrunken epithelium which stains w’cll. The 
nuclei are hyperchromatic. 
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Fig. 3. Camera lucida drawing. LciU Oc. 2, obj 6. 

The figure is from the control naturally ncphropathic animal of pAperiment I, 
Study III, Tabic J. 

The animal was given intravenously one injection of 5 cc per kilogram of a 
N/2 solution of hydrochloric acid. There developed a marked disturbance in the 
acid-base equilibrium of the blood and a rapid reduction in urine formation. The 
reserve alkali of the blood at the termination the experiment was 7.75 as opposed to 
the normal reading of 8.0. At the end of the experiment the animal was anuric. 
During the experiment the elimination of phenolsulphonephthalein was reduced 
from the normal of 52 per cent, to a trace. 

At A, is shown a glomerulus with an increase in endothelial nuclei and a matting 
together of the capillary loops. At B, are shown convoluted tubules in an ad- 
vanced stage of edema and vacuolation. Necrosis of the epithelium is well marked. 
At C, are shown collecting tubules in which these degenerative changes are less 
pronounced. 



Fig 4 Camera lucida drawing. Leitz Oc. 2, obj. 6 

The figure is from the unprotected naturally nephropathic animal of Experiment 
9, Study 111, Tabic I. 

The animal was in part protected against the toxic effect of a N 2 solution of 
hydrochloric acid b)^ a preliminary intravenous injection of 25 cc per kilogram of a 
solution of sodium carbonate equimolccular with a 1.5 per cent, solution of sodium 
chloride. 'J'he normal acid-base equilibrium of the blood was imperfectly main- 
tained during the experiment At the end of the experiment the reserve alkali was 
8.0 as opposed to the normal reading of 8.05 The animal w^as diuretic throughout 
the experiment and at its termination was forming 8 drops of urine per minute. 
The urine contained a trace of albumin but no casts The elimination of phen- 
olsulphonephthalein was reduced from the normal of vS8 per cent, to 22 per cent. 

At A, are shown glomeruli in an early stage of an intracapillary fibrosis. The 
capsules of the glomeruli are thickened. At B, are shown convoluted tubules in 
which there is an early edema. \"aciiolation and necrosis of the epithelium are 
rarely seen. At C, are shown the tubules of the loops of Henle which show to a 
less extent these changes of degeneration. 
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ON THE ANTIGENIC PROPERTIES OF HEMOGLOBIN .♦ 

By M. HEIDELBERGER, Ph D., and K. LANDSTEINER, M.D. 

{From the Hospital and the Laboratories of The Rockefeller Institute for Medical 

Research) 

(Received for publication, June 18, 1923.) 

The antigenic properties of hemoglobin^ are of interest because 
there is available in the form of the oxy-compound a crystalline sub- 
stance which, unlike most other animal proteins, appears to be a 
chemical individual and can be tested for purity by chemical methods. 
For these reasons much work has been done on the subject, but the 
conclusions reached have been conflicting. 

Leblanc,* Ide,® and Demees^ were the first to report the immunization of animals 
with hemoglobin. Ide's antiserum was hemolytic in addition, but his pupil 
Demecs, by purifying his hemoglobin more thoroughly, succeeded in obtaining a 
serum which precipitated hemoglobin solutions and did not cause hemolysis. 
Thorough purification is important since the blood corpuscles contain substances of 
stronger antigenic power (globulins, stromata) than hemoglobin (Ide). The pre- 
cipitins obtained by Demees were not bound by intact red cells, and were pro- 
duced only by intensive treatment of the animals. 

The question of the species-specificity of hemoglobin was investigated by 
Thomsen^ with the aid of the anaphylactic reaction. Most of his work was carried 
on with dissolved corpuscles, though he made a few experiments with the crystalline 
hemoglobin of two species Similar experiments were made by Bradley and 
Sansum.® Guinea pigs sensitized with dog hemoglobin reacted strongly (but not 


* Seventeenth paper on antigens. 

^ The word hemoglobin, in this communication, is used in the generic sense, 
including oxyhemoglobin and its immediate derivatives. 

* Leblanc, A., La Cellule^ 1901, xviii, 337. 

* Ide, M., La Cellule^ 1902, xx, 263. 

^Demees, O., La Cellule^ 1907, xxiv, 423. 

® Thomsen, O., Z. ImmunMtsforsch., Orig.j 1909, hi, 539. C/. Schittenhelm, 
A., and Weichardt, W., Z. Immunitdtsforsch,, Orig., 1912, xiv, 609. Pfeiffer, H., 
and Mita, S., Z. ImmtmitiUsforsch.y Orig,, 1910, vi. 

® Bradley, H. C., and Sansum, W, D., /. BioL Chem., 1914, xviii, 497. 
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with acute death) to solutions of dog red cells, less markedly to those of the cat, 
pig, and turtle, and not at all to the blood of a number of other animals. 

As there is no reason to believe that the hematin in the hemoglobin molecule of 
various species is different, and it is at least certain that there are not many different 
hematins, the differences in the antigenic properties of the different hemoglobins 
would appear to be due to the globin, or the protein part of the molecule. The 
serological behavior of globin was studied by Browning and Wilson;^ also by Gay 
and Robertson. ® The former obtained, in addition, an antihemoglobin serum and 
found that an immune serum against guinea pig globin fixed the complement 
strongly with the corresponding antigen, and reacted only weakly with rabbit globin 
and not at all with ox globin. In a second paper Browning and Robertson report 
that ox globin antiserum reacts, in addition, with the globins of the goat, guinea 
pig, and duck, but not with that of the rabbit They write: “Thus while evidence 
of species-specificity exists in certain cases, there is also a wide, though not uni- 
versal, community of antigenic properties shared by the globin of widely separate 
animal species.’^ 

In contrast to the positive results cited above, Ford and Halsey® were unable to 
produce either antibody formation or anaphylaxis by injecting repeatedly recrys- 
tallized hemoglobin. Similar negative results with both hemoglobin and globin 
were reported by Schmidt and Bennett,^®’ using hemoglobin which had been care- 
fully purified by various methods. They therefore concluded that hemoglobin is 
a non-antigenic substance and that the positive findings of previous workers were 
possibly due to the impurity of the hemoglobin or globin used. Subsequent to 
their work positive findings were again reported by Fujiwara 

Differences between the various antigens contained in the blood corpuscles have 
been investigated by Klein, Leers, Levene, Chodat, Steward, and Fujiwara. 

The solution of the question of the antigenic or non-antigenic 
nature of hemoglobin is of considerable general interest, since if it 
were really impossible to produce antibodies with hemoglobin, doubts 
might arise as to the antigenic properties of absolutely pure proteins 
in general. It would seem far more reasonable, however, to view 
such behavior as pointing to a relationship between the con- 

^ Browning, C. H., and Wilson, G. H., J, Path, and Bact.y 1909, xiv, 174; 
J. Immunol., 1920, v, 417, 

®<}ay, F. P., and Robertson, T. B., J. Exp. Med., 1913, xvii, 535. 

® Ford, W. W., and Halsey, J. T., J. Med. Research, 1904, xi, 403. 

Schmidt, C. L. A., and Bennett, C. B., J. Infect. Dis., 1919, xxv, 207. 
Schmidt, C. L. A., Univ. Calif. Pub., 1916, ii, 157. 

Bennett, C. B., and Schmidt, C, L. A., J. Immunol., 1919, iv, 29. Cf. Gay, 
F. P., and Robertson, T. B., J. Exp. Med., 1913, xvii, 535. 

^ Fujiwara, K., Mitt. med. Ges. Tokyo, 1920, xxxiv, No. 23. 
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stitution of individual proteins and their antigenic action* More- 
over^ the determination of the species-^^ificity of hemoglobin 
antibodies, if they really exist, w6uld have importance as throwing 
li^t on the general problem of how species-specificity is manifested 
in the individual proteins of the animal organism. It is from this 
standpoint that we have taken up the matter, and a preliminary note 
has been published in which this phase of the problem is discussed 
more thoroughly.^* It has developed that antibodies can be obtained 
with hemoglobin, although less readily than with most other pro- 
teins, and that these antibodies are species-spedfic to a high d^ee. 

After the publication of the preliminary note, and after the completion of the 
present work, a commtinication by Higashi^^ was received in which the author’s 
conclusions coincide essentially with our own. On the other hand, negative 
results were publiAed by Depla.^* 

Recently, Hektoen and Sdiulhof * reported the production of antibodies with 
blood extracts and hemoglobin solutions, concluding that hemoglobin is a species- 
specific antigen. Contradictory in a certain measure, however, is their finding that 
there was no appreciable diminution of precipitable substance after fission of the 
hemoglobin into hematin and globin and removal of most of the split products. 
Their conclusion is: ^'While the precipitinogens in extracts of red corpuscles and 
in hemoglobin may exist independently of hemoglobin after treatment with adds, 
they ordinarily are attached closely to the hemoglobin molecule, not being removed 
or diminished in proportion to the amount of hemoglobin by repeated crystalliza- 
tion or by treatment with aluminium cream, the antigen being apparently dther 
dosely adsorbed to the hemoglobin molecule or forming a part of it which can be 
split ofi by adds.” We shall discuss this condusion further on in our paper. 

Preparation of Oxyhemoglobin and Immunization of the Animals. 

In the work rqiorted in this paper horse hemoglobin only was used 
for immunization. 

The preliminary experiments referred to above were carried out 
with a preparation (A) made as follows, according to the methods 
of Ide* and Demees.^ 

^ Landsteiner, R., Kon. Akad. van Wetensch, te Am^dam^ 1921, xxix, 1029. 

** Higashi, S., J. ikochem. 0apan), 1923, ii, 315, Cf J. Tokyo Med. Soc., 1921, 
xixv, No. 9. 

Dq)la, H., Compt. rend. Soc. biol., 1922, Ixxxvii, 383. Cf. Chodat, F., Compt. 
rend. Soc. biol.^ 1921, Ixxxv, 735. 

Hdktoen, L., and Schulhof, K., J. Infect. Dis., 1922, zxxi, 32. 
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pefiMoatodluimUocKl wascaetrifuged, waibed five times, Md dissolved in a 
vcduBie of vmter equal to toice the amount of blood used. Ether was added, 
and the mixture allowed to stand in the ice box for 1 or 2 days, with occasional 
stirring. After decantation from any sediment, the solution was treated 
with an equal volume of saturated ammomum sulfate solution, and filtered 
tiunui^ fiMed filters to remove precipitated globulin and stromata. Satmated 
ammnnhwn sulfate was then added until the hemoglobin sipatatediothe cold. 
The product was filtered off, washed with ammonium sulfate solution, and dialysed 
after the addition of a little ether. Finally, 1 per cent of sodium diloride was 
added. 

Piefmmtion B, a solution of oxyhemoglobin, was obtained accord- 
ing to the method recently published by one of us.^^ 

The oxyhemoflM>in was recrystaliized three times as outlined in the method re- 
ferred to, and washed several times with water saturated with carbon dioxide and 
oxygen. The crystals were ground to a thin paste with 0.85 par cait sodium 
cldiride solution, dOuted further with saline, dissolved with the minimum amount 
of normal sodiiun hydroxide solution, and diluted with saline to a total bemo^o- 
bin content of 8 to 10 per cent The solution was first filtered through a Berke- 
feld V filter, then throuih a sterile Berkefeld N filter, and was preserved under 
sterile condithms. 

Preparation C, also a solution of oxyhemoglobin, was prepared 
by following the method used for Preparation A as far as the addition 
of an equal vdume of saturated ammonium sulfate solution. 

It was found that if the ether used was repeatedly washed with water, and then 
dried first over calcium diloride and then over stick potassium or sodium hydroxide, 
the formation of methemoglobin was avoided. In fact, crystallization of the 
oxyhemoglobin occurred so rapidly after addition of the ammonium sulfate solution 
that it was rarely possfftle to filter the mixture without losing mudi of the pigment. 
The filtrate from the globulin and stromata was allowed to stand overnight in 
the ice box and the solution was then decanted from the heavy deposit of oxyhemo- 
globin crystals. These were filtered on a Buchner funnel and washed, and were 
recrystalBzed once and dissolved according to the methods used for Preparation 
B, osnittiag the pveliiBinaiy filtration through a Berkefrid V filter. 

8 to 10 p^ cent hemoglobin solutions prepared as above were used 
for injection. Seventeen rabbits in the three groups each received 
seven to elevoi intxapeiitooeal injections of 8 to 15 cc. at weekly 
intervals. Only with a small proportion of the animab did we ob- 
tain strong reacting sera, that is, sera which gave a heavy predpi- 

" Heidelbeiger, M., /. Bm#. Cim., 1922, liu, 31. 
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tate with 0.01 per cent hemoglobin solution within a few minutes. 
In the case of Preparation A one out of five ^bbits gave a stron^y 
reacting serum, and two gave weaker sera; with Preparation B, 
two out of five rabbits gave strongly reacting sera, while with Prep- 
aration C, in spite of the use of seven rabbits, only weak sera were 
obtained, that is sera which, under the conditions given below, 
gave readily perceptible, but relatively weak turbidities or slight 
precipitates. 

Thus we have found, as did Demees* and Browning and Wilson,’ 
that hemoglobin is a rather weak antigen, a fact which may account 
for the negative results of the experiments of others. Possibly, 
however, a greater formation of antibodies could be achieved through 
intravenous injection as was done by Hektoen and Schulhof. It is 
also not impossible that some of the impurities associated with hemo- 
globin in the cell may actually facilitate antibody formation by 
the hemoglobin. By the use of the especially sensitive ring test, as 
employed by Hektoen and Schulhof** and Higashi,** other sera would 
undoubtedly have been found positive. 

The Specificity of Antihemoglohin Sera. 

The tests were carried out as follows: 2 to 3 capillary drops (1 drop = 0.04 
cc.) of the serum were added to 0.2 cc. of 0.01 per cent solutions of the different 
hemoglobins. In Table I is given the intensity of the turbidity or precipitate after 
the tubes were shaken and had stood for various periods at room temperature. 
Solutions of crystalline horse and dog oxyhemoglobin were used in the tests, while 
in the case of other animals, red cells were laked with water and ether, centrifuged, 
and the resulting solution was filtered through asbestos or kieselguhr paper (Machr 
erey) and made up to a definite hemoglobin concentration. Serum 1 was obtained 
with Preparation A, the others, with Preparation B. 

After the test mixtiure had stood overnight in the ice box, some further weakly 
positive reactions were noted. Precipitin reactions of equal intensity were obtained 
with methemoglobin, carbon monoxide hemoglobin, and cyanhemoglobin prepared 
from crystalline horse oxyhemoglobin. 

The reactions in Table I show that the serological specificity of 
the antibodies produced by crystalline hemoglobin is no less devdoped 
than in the case of the serum proteins, which have been repeatedly 
and thoroughly studied from this standpoint (Nuttall**). Strong 


** Nuttall, G. H. F., Blood immunity and blood relationsh^, Cambridge, 1904. 
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reactions were given with the homologous horse hemoglobin and a 
somewhat weaker precipitation with the l^pod pigment of the dosefy 
related donkey, while the other red cell solutions gave little or no 
reaction. This marked predpitation of the hemo^obin of a dosdy 
related spedes parallels the findings with serum proteins, and shows 
that with hemoglobin as well, the serological or chemical relation- 
ship runs parallel to the morphological. In agreement with this 
condusion, already stated in the prdiminary paper,” Higashi” has 
likewise foimd a definite species-specifidty in predpitin, complement 
fixation, and anaphylactic reactions. An exertion was found by him 
in the case of closely related spedes. Moreover, anti-chicken and 
anti-goose hemoglobin sera gave reactions of equal or nearly equal 
intensity with the hemc^obin of the pigeon and sparrow. 

The serological findings are manifestly a proof that the crystal- 
lographic differences found by Reichert and Brown** in their com- 
prehensive work are principally the result of chemical differences 
in the hemoglobin, a condusion which has hitherto not been uni- 
versally accepted,*® since conditions of crystallization and impurities 
present undoubtedly do influence crystalline form.** 

With respect to the serological differences between h^oglobin 
and other proteins, our immune sera, like those obtained by Demees 
and Higashi, had a very weak hemolytic action and either gave no 
reaction at all with horse serum albumin, or only a very faint trace 
on long standing. On the other hand, it was possible, by means of 
the inhibition reaction,** to trace a relationship between hemoglobins 
of different origin. The observed effect was less, however, than that 
recorded in our preliminary publication. 

To each of a number of tubes was added 0.2 cc. of 0.01 per cent horse hemoglobin 
solution and 0.1 cc. of a solution of red cells of the animal indicated and con- 


'* Reichert, £. T., and Brown, A. P., Carnegie Inst. Washington, Pnb. Ifo. 116, 
1909. Cf. Loeb, J., Science, 1917, xlv, 191. 

*® Cf. Robertson, T. B., Principles of biodiemistry, Hiilad^ihia and New York, 
1920. 

** For additional evidence of chemical differences see Ikndsteiner, K., and 
Heidelberger, M., J. Gen. Physiol., 1923-24, vi, 131. 

** (a) Camus, M. L., Compt. rend. Acad., 1901, czxzii, 215. (h) Landsteiner, K., 
and Halban, T., Mitnck. med. Wock., 1902, xliz, 473. (c) Landsteiner, K., Biochem. 
Z., 1918-19, xdii, 115; 1920, civ, 280. 



200 


AMTXQEMIC FSOPEKTIES OF HXMOGLOBIN 


taiaing aiipmxiinately 0.1 per ceat of hano{^obin. 0.1 cc. of 1 per cent of sodium 
chloride solution was added to a control tube and 0.08 cc. of Serum 3 was put in 
all. The results are shown in Table II. 

It is not unlikely that the inhibition observed in these tests de- 
pends upon the existence in the various hemoglobins of a common 
component, such as hematin, in view of the analogous inhibition 
shown in the case of protiens containing a common radical which had 
been introduced into the molecule.”** However, a solution of hematin 
itself caused no inhibition, just as it failed to give reactions with 
precipitin sera.” 


TABLE n. 

Inhibition of Precipitation. 


Dog. 

Horse. 

Rabbit. 

Chicken. 

Control 

Tr. 

0 

+ 

+ 

++ 







Identity of the Frecipitable SvPstance with Hemoglobin. 

Because of the negative results of many authors, the diflSculty of 
producing strongly reactive antibodies, and the observations of 
Hektoen and Schulhof, it is of great importance to settle the question 
as to whether the antigen in our experiments is really hemoglobin 
itself, or some impurity difficult to remove. 

The most striking result reported by Hektoen and Schulhof was 
that the precipitin reaction remained unaltered in solutions in which 
the hemoglobin had been destroyed with acetic acid and the globin 
removed. However, hydrochloric acid, when not greatly diluted, 
destroyed the antigen. 

We repeated the experiments with acetic acid and hemoglobin 
at room temperature in the concentrations given by the authors, 
removing test portions from time to time. After removal of the 
globip by neutralization, a series of dflutions was made and compared 
with dilutions of the original hemoglobin solution. Precipitin tests 
were made on these solutions, and rough estimations were made of 
how much of the original antigenic value remained, by comparing 

” Gay, F. P., quoted by Schmidt and Bennett.” 
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the add-treated tubes with the hemoglobin dilutions. In this way 
it was fotmd that after 2, and 22 hotus^ about 50, 60, and 75 per 
cent, respectively, of the antigen had been destroyed. Part of the 
hemo^obin was still spectroscopically demonstrable even after the 
action of 0.01 n hydrochloric add instead of 0.1 n acetic add for 
24 hours. 

In view of this fact, the following experiment was set up. 

A 10.2 per cent solution of twice recrystallized ox>'hemogIobin was prepared by 
dissolving a suspension of the crystals with the aid of the minimum amount of 
normal sodium hydroxide. 50 cc. of the solution were diluted to 100 cc., and al- 
though neutral to litmus, the solution was acidified with 2 cc. of normal acetic 
add in order to avoid any question as to its reaction. 50 cc. of the resulting 5 
per cent solution were mixed with 50 cc. of 0.05 n hydrochloric add and allowed 
to stand at room temperature for 4^ hours. The brown solution was then neutral- 
ized with 0.1 N ammonium hydroxide containing 5 per cent of ammonium chloride, 
allowed to stand overnight, and centrifuged. A determination of hemoglobin by 
Stadie’s method" showed 0.2 of the original amount still to be present, while a 
simOar solution, allowed to stand overnight before neutralization, still contained 
0.1 of the original amount. The solutions showed the absorption bands of 
methemoglobin, and reacted with inunime serum with approximately the degree 
of intensity to be e^qiected from the analytical findings. 

It thus becomes evident that, under the conditions given, hemo- 
globin is not completely split into hematin and globin. 

The fact that the antigen is destroyed to an appreciable extent 
in a short time by acetic acid of a lower concentration than 0.05 N is 
in itself strong support for the belief that hemoglobin is the substance 
active in the serological tests; for other antigens such as the serum 
proteins are influenced in their precipitin reactions only by add of 
much higher concentration. 

To sum up, there are a number of grounds for ascribing the anti- 
genic action to hemoglobin itself. In the first place, removal of the 
stromata by filtration and of globulins by ammonium sulfate followed 
by recrystallization, leaves the predpitability of the hemoglobin 
solution intact, as does also treatment with aluminium cream accord- 
ing to Marshall and Welker,*^ as Hektoen and Schulhof found. In 

" Stadie, W. C., /. Biol. Chem., 1920, xK, 237. 

•* Marshall, J., and Welker, W. H., J. Am. Chem. Soc., 1913, xxxv, 820. 
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the second place, the observation that our inunune sera reacted to 
an equal extent with solutions of purified hemo^obin and with ex- 
tracts of red cells ccmtaining all the acc<»npan}ring impurities points 
in the same direction. In the third place, the precipitin reaction 
permits the detection of hemo^obin in as low a concentration as 
0.001 per cent, whidi compares favorably with the strength of com- 
mon predpitins. It would be difficult to reconcile this fact, and that 
of the inhibition found at a concentration of 0.05 per cent, with the 
assumption of an active impurity. Finally, it can be shown that 
hemos^obin is actually carried down in the precipitate formed in 
hemo^obin solutions by immune serum. The important observation 
that the precipitate is red was originally made by Leblanc and Ide.** 
Since it could be objected that the hemoglobin might have been 
carried down by adsorption, and not have been actually involved in 
the precipitin reaction, tests were made under conditions which 
dimioate this possibility. 


The following immune sera of rabbits were used. 

A. Antihemoglobm Serum 2 20 drops 

B. “ « 3 20 " 

C. Anti-horse serum ... 10 “ 

D. Anti-human " ... 20 “ 

E. Anti-donkey “ . 20 “ 

The tubes were set up as follows: 


In each tube 0.2 cc. of 0.1 per cent hemoglobin solution plus 

1. 1.8 cc. saline + A. 

2. 1,8 " " + B, 

3. 1.8 " 1:500 horse serum -f C. 

4. 1.8 “ 1:500 human " -f D. 

5. 1.8 " 1:500 donkey “ + E. 

At the end of 1 hour the precipitates were centrifuged off, washed with saline, 
tmd again centrifuged. The differences observed were very striking. The sedi- 
ment in Tubes 1 and 2 was definitely red, while that in the other tubes was pure 
white in Q)ite of the fact that the antigen-antibody complex was precipitated 
in a hemodobin solution of the same concentration as that in the first two tubes. 
One is forced to the concluaon that the red color of the precipitate in the hemoglo- 
bin-antihemot^obin system is actually due to antigen-antibody combination. 

The foUowing additional experiment was run. 

1 cc. of 8 per cent hemo^obin solution was diluted with water to 30 cc. and 
treated with 20 cc. of 0.01 N hydrochloric add. Afta 2 hoiurs the (^obin and 


»» See Leblanc,* p. 362j Ide,* p. 266. 
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hanatm were precipitated by neutralization. The precipitin test showed in com- 
parison witb hemojdobin solutions of known strei\gth that about 80 percent of tbe 
antigen in the pale yellow-brown solution had been destroyed. 1 cc. of the solution 
was then treated with enough antihemoglobin serum to induce maximum precipita- 
tion, after which the precipitate was handled as in the preceding e:q>eriment. In 
this case, too, the sediment was definitely red, riiowing that the antibodv was 
bound to a pigmented antigen and not to a colorless ^lit product. 

From the above experiments, therefore, it would seem that in 
order to prove definitely that the antigen or an active part of it can be 
^lit from the hemoglobin, it would be necessary to show conclusively 
that any active solution obtained by treatment with acid contains 
no hemoglobin, methemoglobin, or closely related derivative. 

CONCLUSIONS. 

Sera produced by immunization with crystalline oxyhemoglobin 
react species-specifically with hemoglobin solutions. 

Evidence is presented that in this reaction the hemoglobin itself is 
the active substance. 

Conversion of oxyhemoglobin into methemoglobin, carbon-monoxy 
hemoglobin, or cyanhemoglobin does not alter the response to the 
precipitating inunune serum. 

Not only the hemoglobin of homologous species, but also that of 
other species causes inhibition in greater or less degree of the pre- 
cipitin reaction. 




[Repiinted from Tbb JooxHAi.<>r Expebugbntai, Mxdjcimz, November 1, 1923, 
Vol. zzxviii, No. 5, pp. 591-604.] 


STUDIES ON THE ETIOLOGY OF SNUFFLES IN STOCK 

RABBITS. 

Paranasal Sinusitis a Factor in the Interpretation op 
Experimental Results. 

By JAMES E. McCARTNEY, M.D., and PETER K. OLITSKY M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 23, 1923.) 

INTRODUCTION. 

With the hope of throwing more light on the group of upper respira- 
tory diseases in man, we have sought to study a similar affection in 
laboratory animals, — rabbit snufSes. In choosing this subject, it 
was apparent that there would be no lack of material because snuffles 
is almost ubiquitous among stock rabbits, occurring in endemic form 
practically all the time, and in epidemic form at periodic intervals. 
Furthermore, the study concerned an ailment, the incitant of which is 
still in doubt, although some affirm Bacillus bromhisepticus^ and 
others Bacillus Icpisepticus^ as the etiological agent. In view of 
the prevalence of the disease and the frequency with which the 
rabbit is employed in experimental work, additional findings in this 
field should prove of importance to the laboratory worker. 

Literature Regarding Etiological Agents, — Bacillus lepisepticus is regarded as the 
indtant of rabbit snuffles by Beck,^ Kraus,* Roger and Weil,* Volk,^ and others. 
Bacillus lepisepticus^ first accurately described in 1887 by Theobald Smith,® is 
now classed with the Pasteurella or hemorrhagic septicemia group of micro- 
organisms. An examination of the artides quoted shows that in no instance 
has uncomplicated rabbit snuffles, free from septicemia, been induced with this 
bacillus. Indeed, in the hands of some investigators, as, for example, Volk, this 

1 Beck, M., Z. Fyg., 1893, xv, 363. 

* Kraus, R., Z. Eyg,, 1897, xxiv, 396, 

* Roger, H., and Weil, E., Arch, mid. exp, et anat, path,^ 1901, xiii, 459. 

* Volk, R., Centr. Bakt.j lie Abt,, Orig,, 1902, xxxi, 177. 

® Smith, Theobald, J. Comp, Med, and Surg,, 1887, viii, 24. 
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oiganismy ^en ai^lied to the uninjured nasal mucous membranes of rabbitSi 
fails to cause snuffles; applied, however, to the scarified mucosa, it induce death, 
apparently ficmn aq>ticemia, but without clinical signs of snuffles. Similarly, 
Roger and Weil’s aq;>eriment8 demonstrate that this bacillus causes e]q>erimenfal 
rabbit aq;>ticemia wUdi, only at times, is associated with what appears to be a 
symptomatic rhinitis. 

On the other hand, an organism first described by Tartakowsky,* and redis^ 
covered by Ferry in 1910^ as the supposed cause of canine distemper, called by 
the latter BaaUtis bronchisepticus, was considered later (1912) by Ferry^ and 
by M’Gowan* and by Ferry and Hoskins^® as the indtant of snuffles. In the 
words of Ferry and Hoskins: **lt seems to be evident that the ordinary form of 
snuffles as encountered in the various rabbitries in this coimtry, characterized 
by a variable nasal discharge accompanied by sneezing and rubbing the nose, 
with more or less loss of appetite and weight and a rather subacute or chronic 
course (which constitutes the large majority of cases), is caused by J5. bronchi- 
septicus; while the more acute form and the most fatal, in the majority of instances 
is due to BacL lepisepticim,** These writers do not bdieve that snuffles is a 
tingle entity, and quote Ward^^ who could produce snuffles by injecting rabbits 
intravenoudy with either Bacillus omnos^ Bacillus proteus^ or Bacillus bronchi- 
sepHcus. 

A number of other microorganisms has been described by different investi- 
gators^ as causing rabbit snuffles, but the literature fails to confirm their specific 
relationsfa^. 

It appears then from the work of previous writers that the question 
as to the actual causation of rabbit snuffles is still unanswered. 
Furthermore, there is no clear conception of the definition of the 
uncomplicated disease. One group of investigators who maintain 
that BaciUus kpisepHcus is the etiological agent regards snuffles as a 
stage or symptom of septicemia. 

The investigations reported in this paper have to do with snuffles 
as it occurs among laboratory stock rabbits. We shall first describe 
the disease encotmtered in such animals so as to present the basis on 
which our experiments were made. 

• TartakowdQT, M.-G., Arch, Sc, biol,, 1898, vi, 255. 

^ Ferry, N. S., Am. Vet. Rev., 1910, xxxvii, 499. 

•Ferry, N. S., Am. Vet. Rev., 1912-13, xli, 77; /. Path, and Bact., 1913-14, 
xviii, 445. 

• M’Gowan, J. P., /. and Bact., 1911, xv, 372. 

^ Ferry, N. S., and Hoskins, H. P., /. Lab. and Clin. Med., 1919-20, v, 311. 

” Ward, H. C., /. Infect. Dis., 1916, xix, 153. 

^ Hutyra, F., and Marek, J., Spezidie Pathologie und Therapie der Haustiere, 
Jena, 4th edition, 1913, ii, 17. 
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Description of the Disease. 

< ,v 

Snuffles as it occurs spontaneously in rabbits kept under laboratory 
conditions may be divided clinically into different groups: the inter- 
mittent and tke chronic, which are the commonest types, and the 
acute, which is infrequent. 

Intermittent snuffles is to be noted especially in rabbits which are 
observed over long periods — ^many months or even years. A typical 
attack begins with an acute nasal discharge of a sU^t amoxmt of thin 
mucus, which may be transitory and can scarcely be called snuffles. 
In some cases, the process may go on to a mucopurulent or purulent 
stage with sneezing, rubbing the nose, soiling and consequent matting 
of the hair of the paws, loss of appetite and of weight. After a number 
of days, these symptoms subside and the animal returns to normal 
apparently. Under conditions which reduce the resistance, to be 
described later, as also spontaneously, several attacks may occur in 
the course of a year. 

In the chronic form of snuffles, the rabbit has a persistent, white, 
tenacious, nasal discharge accompanied frequently with crust forma- 
tion on the nostrils. There is to be noted sneezing when nasal obstruc- 
tion is present, along with rubbing of the nose and soiling and matting 
of the hair of the paws which are frequently depilated in small areas. 
The disease may progress to a destruction of the nasal bones with a 
deformity simulating in outward appearance luetic destruction of the 
nose in man. Infrequently there forms a localized abscess about the 
nasal fossae. The animal may become adapted to this chronic con~ 
dition so that there is little, if any, loss of weight, or emaciation. 

The acute variety is not common, to judge from our esperience with 
stock rabbits of 800 to 3,000 gm. or more in weight, and a few months 
to several years of age. Indeed, we believe that this condition can 
best be seen in breeding establishments where animals are observed 
from the first weeks of life. When it does occur among laboratory 
stock it is a manifestation of some underlying disease, such as sep- 
ticemia. In these cases there is a thin, glairy discharge from the nose, 
and a rapid weakening of the anim al leading to death. From the 
nasal discharge, blood, and organs, especially the lun gs , Bacillus 
lepisepHcus can be isolated. Or the acute attack may accon^any 
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pneumonia or other infections and resemble the nasal disorder occur- 
ring in a variety of primary conditions such as hay-fever, common 
colds, Influenza, the exanthemata, and seen after exposure to irritants or 
cold, in man. The failure to distinguish acute, uncomplicated snufBes 
from the nasal disorder secondary to some underlying disease has led 
some previous investigators into error when they ascribed to the 
indtant of snuffles, the etiological agent of the disease responsible for 
the false “snuffles” they observed. 

Sinusitis in Snuffles. 

In early experiments we noted the frequency of paranasal sinusitis 
in apparently normal animals and in those suflering from snuffles. 
This condition interfered with our procedures to such an extent that 
an extensive study was begun to determine its nature. 

Anatomy of the Rabbit’s Nose . — ^The frequency with which the 
rabbit suffers from nasal affections is probably due to the complexity 
of the nasal passages. 

The turbinate bones which contain numerous folds are situated on the posterior 
and lateral walls. The maxilloturbinate, a finely ridged mass of bone, occupies 
the anterior portion of the lateral wall, while the ethmoturbinate, which consists 
of much broader folds, is placed posteriorly. Each of these folds or serrations is 
covered with nasal epithelium so that numerous pockets are present. Moreover, 
the nasolachrimal ducts discharge into the nasal passages. Besides these struc- 
tures there are various paranasal sinuses. Congestion of the mucous membrane 
with resultant swelling may convert the folds or sinuses into closed cavities, 
thus permitting infectious processes or purulent material to remain localized. 
The tendency for dosed pockets of infection to develop has, we believe, a con- 
siderable bearing on the production of the clinical condition known as snuffles 
and on the interpretation of the results of experimental inoculation. 

Occurrence of Sinusitis. — A systematic examination was made of the 
upper air passages of thirty-four rabbits, among which were animals 
with snuffles, iiduded in this number were carefully selected normal 
rabbits which had been under observation for several months. 

The examination induded a thorough investigation of all the organs induding 
the brain. The nasal passages were exposed by cutting away the bones of the 
nose and frontal re^on of the skull. In order to avoid irritation of the mucous 
membrane by general anesthetics, such as chloroform or ether, the rabbits were 
killed by <]uickly severing the upper cervical qiinal cord. 
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Of the thirty-four rabbits, twenty-three were found to be suffering 
frcMu intermittent or chronic snuffles. Of j^ese latter, twenty-two had 
a chronic infla.iinTn a.tinT> of the mucous membrane of the upper nasal 
passages associated with a purulent paranasal sinusitis. 

In the cases of long duration, all the sinuses were filled with thick, white, 
tenadous, in^issated, odorless pus; while in those of shorter duration only one 
or two sinuses were so affected. The mucous membrane lining the turbinates 
and the sinuses was thickened but showed no signs of congestion or acute catarrhal 
inflammation. In some instances, the thickening of the mucosa resulted in a 
pocket, the opening of which revealed the firm pus already described. On 
microscopic examination, the epithelial cells were seen to be necrotic and exfoliated 
in areas. The subepithelial zone was thickened by an extensive exudation of 
polymorphonuclear and endothelial leucocytes, or monocytes, but without con- 
gestion. Some edema was also present, and in Giemsa-stained preparations, 
bacteria were noted in the ciliary layer and in the subepithelial zone, mainly 
phagocytosed. Giemsa’s, Gram’s, and methylene blue stains of the pus showed 
numbers of mononuclear cells and somewhat less abundant, polymorphonuclear 
elements. Many of these cells were disintegrated like those in the pus found, as a 
rule, in chronic infectious processes. That is, the cell outlines were blurred, the 
nuclei indistinct, and the cell granules few in number. Nmnerous broken down 
cells with granules liberated and scattered were seen. Few bacteria, but these 
often of different species, were found in phagocytosis as well as outside the cells. 
The culture findings will be described further on. 

Of the thirty-four rabbits, two showed signs of slight snuffles, that 
is, there was no actual nasal discharge, but merely a dampness about 
the nostrils, and some sneezing, but none of the other signs of a typical 
attack, as, for example, soiling or matting of the hair of the paws. 
Such cases are usually designated in the literature as “beginning 
snuffles.” In both instances was found a chronic inflammatory 
process of the mucosa and sinuses similar to that met with in chronic 
snuffles. 

Of the original series, nine rabbits were carefully selected as having 
no ailment whatever, and certainly no obvious signs of nasal affection. 
These animals were under observation for several months, and were 
regarded as normal stock. Two of the nine showed the chronic inflam- 
matory process of the mucosa of the nasal passages associated with 
the purulent sinusitis above described, which is similar in its patho- 
logical picture to that exhibited by the animals with typical chronic 
snuffles. 
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In anotiier series of 121 rabbits” which were carefully selected, 
individually caged, and kept under a r^d quarantine, five showed 
moist noses, or what might be considered as slight snuffles. In these 
five, dironic sinusitis was found. Among the remainder, carefully 
examined for any possible indication of past or present disease, and 
determined by this rigid test to be outwardly normal, nine revealed a 
chonic inflammatory condition of one or more of the nasal sinuses. 

Bacteriological ExanmaHon.— As Ferry and Hoskins pointed out” 
there is no one organism constantly associated with the condition 
known as snuffles, although they believe Bacillus bronckisepticus 
causes the chronic, and Bacillus kpisepticus the acute disease. 

In the present study, the material constituting the nasal discharge 
was obtained during life by means of a swab, and at autopsy the pus 
from the sinuses and nasal passages was seemed. The nasal discharge 
and pus were stained and examined microscopically for bacteria and 
cellular elements. Cultures were made by streaking the pus on rabbit 
blood agar plates which were incubated for 24 to 48, or more hours, at 
37®C. 

It may be stated that no one organism was found constantly assod* 
ated with the condition. The commonest microorganisms isolated 
were, in the order of their frequency. Staphylococcus albus, Bacillus 
bronckisepticus, Bacillus lepisepticus, Micrococcus catarrhalis, a 
hemolytic mucoid, Gram-negative bacillus, a diphtheroid, and other 
unidentified bacteria occasionally. Stained film preparations of the 
nasal discharge and pus from the upper passages showed, as a rule, an 
extensive degeneration of cells and a limited phagocytosis of micro- 
organisms, features indicating, as already described, that the exudates 
were chronic in nature. 

When more than one sinus is involved, different bacteria may be 
present in the. various sinuses, as the following protocol illustrates. 

Rabbit SA, a stock animal, siifiering from snuffles of unknown origin and 
diftation, was killed by pithing. The orbital sinus contained thin, j^airy pus 
which yidded a pure culture of a hemolytic mucoid organism resembling those 
of the Friedlilnder group of badlli. The paranasal sinus was filled with thick, 

” We are deeply indebted to Doctors Brown and Pearce of The Rockefeller 
Institute for supplying us with a number of these animab and with other helpful 
assistance. 
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idiite, tenacious, inspissated pus from which a pure culture of BaeUlus hronM- 
sepUcus was obtained. The anterior nares, on the odier band, contained duck, 
white pus which on culture showed a mixti^ Df both of the microoisanisms 
mentioned. 

In this instance, illustrative of other findings, the chronic sinusitis in 
different regions was associated with two distinct bacteria. 

In later observations on more than 50 rabbits the incidence of 
chronic sinusitis was found to be still greater than in those first studied, 
both as concerns apparently normal animals and those showing 
chronic, intermittent, or beginning snuffles. 

To siraimarize, it appears that practically 100 per cent of stock 
rabbits suffering from chronic, intermittent, or beginning snixffles 
reveal old, chronic, inflammatory processes of the upper nasal passages, 
while 9 per cent of apparently normal stock animals, free from any 
symptoms whatever, exhibit similar chronic purulent conditions of the 
upper nasal passages. Ordinarily, on casual selection of supposedly 
normal rabbits, this proportion is still higher and may reach 25 per 
cent of the totd. The bacteria most commonly met with are Staphy- 
lococcus aibus, Bacillus bronchisepticus, and Bacillus lepisepticus. In 
other words, in about one-tenth of a carefully selected group of normal 
stock rabbits and in as many as one-fourth of a casually selected group, 
chronic infectious processes involving one or more of these micro- 
organisms can be found in the nasal passages, before any experimental 
procedure is begun. 

Transmission Experiments. 

The facts already presented show the difficulties of interpretation of 
experimental procedures to induce snuffles. It is desirable, before stat- 
ing our attempts at transmission, to direct attention to certain other 
factors which may favor the spontaneous onset of the disease, or symp- 
toms simulating the affection. Dust or mould in samples of defective 
hay, employed for feeding purposes, may give rise to acute irritation of 
the nasal passages associated with a certain amount of mucoid discharge 
and also with conjunctivitis. This condition appears to be due purely 
to mechanical irritation and not to infection. The disease itself may 
be induced in apparently normal animals by lowering the resistance, 
as by subjecting them to low temperatures. An analogy can be found 
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in the experiments of Mudd and his cowotkers in which it is demon- 
strated chilling the body surface of man may induce “colds." 
Another factor in reducing the resistance of rabbits is the injection of 
killed vaccines.” In view of the presence of chronic disease in the 
nasal passages of rabbits supposedly normal, it is presumed that lower- 
ing the resistance of the animals causes an extension or increase of the 
previously existing inflammatory process, thus converting what may 
be termed a potsitial snuffles into an active and intermittent of 
the disease. 

The importance ascribed to Bacillus bronchisepticus and Bacillus 
kpisepticus as the etiological agents of rabbit snuffles suggested to us 
an attempt to induce the disease de novo with these cultures, with due 
regard for the factors which might interfere with the experimental 
results. 

Experiments with Bacillus kpisepticus Cultures. — K pure culture of 
Bacillus kpisepticus ” was employed in the following experiment. It 
was originally obtained from snuffles secretion and its virulence had 
been enhanced by intrapleural passage through twelve consecutive 
rabbits. 

Thirteen young rabbits (about 800 to 1,000 gm. in weight) were used. These 
were selected because such are said to be especially susceptible to this micro- 
organism'^ and also to exclude, if possible, previous attacks of snuffles. The 
material inoculated consisted of a heavy suspension (about 5,000 million per cc.) 
of an 18 hour growth on blood agar seeded directly from the pleural exudate of 
the twelfth rabbit. 0.5 cc. of the bacterial suspension was forcibly injected into 
each nostril by means of a 1 cc. syringe. 

Only three of the rabbits showed symptoms of snuffles which appeared on the 
6th, 13th, and I3th day, respectively, after inoculation. On these days the 
rabbits were killed. The autopsy of the first animal revealed thick, white, inspis- 
sated pus in the left nasal sinus, and the mucous membrane of the anterior nares 


Mudd, S., Grant, S. B., and Goldman, A., Ann. Olol., Rhinol. and Laryngol., 
1921, XXX, 1. 

”For example, of two rabbits injected intravenously with killed cultures of 
Bacillus bronchisepticus and of four injected subcutaneously with vaccines of 
Bacillus kpisepticus, all showed typical snuffles after two to six inoculations at a 
time when the serum contained agglutinins against these microorganisms in 
titers of 1:150 to 1:500. 

” This culture was obtained through the kindness of Doctor L. T. Webster. 

'^De Kruif, P. H., Proc. Soc. Exp. Biol, and Med., 1921-22, xix, 34. 
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was slighUy injected. In stained film prqiatations of the pus, mononudesr 
cells predominated over the polymorphonuclears. Most of die cells were de> 
generated: they were poorly and irregularly sttdhed, the nudei were indistinct 
and the granules few in number. There were a few small badlli present, mostly 
in various stages of phagocytosis. Cultures yielded hemolytic, mucoid, Gram- 
negative badlli in pure state but no Bacillus kpisefticus. In the second rabbit 
there was marked cocddiosis of the liver. A small pocket of in^iasated pus was 
noted in the right nasoturbinal region, but no congestion of the mucosa. Cultures 
of the pus showed Bacillus lepisepticus. The third animal had only a slight 
mucx^urulent discharge from the nose without involvement ot the abuses. 

Ten of the animals of this series remamed free from snufiSes from 8 to 10 days 
after moculation. They were all killed at the end of the period of observation to 
determbe the presence of sbusitis. Six were normal, but b the other 4, chronic 
infiammatory conditions were found b the mucous membranes of the iqiper 
nasal passages, together with inspissated pus b the orbital and nasal abuses of 
one, and b the nasal sbus alone b the remaining three. From the pus of one 
of these three, no growth was obtabed; from that of the second, both BadUus 
bronchisepticus and Stapkylocouus albus were isobted, and from that of the 
third, a hemolytic, mucoid. Gram-negative bacillus was cultured. The rabbit 
b which both orbital and nasal sbuses were affected showed b the pus of the 
orbital sbus Bacillus bronchisepticus, and in that of the nasal ^us Bacillus 
lepisepticus. 

From the foregoing experiments, it will be noted that of thirteen 
animals inoculated intranasally with a heavy dose of a culture of 
Bacillus lepisepticus, highly pathogenic for rabbits, only three exhibited 
snuffles. In two of these three a sinusitis was found, the pathological 
picture of which revealed an inflammatory condition of long standing, 
probably antedating the inoculations. From the pus of one of the 
sinuses. Bacillus lepisepticus was recovered, but from that of the other, 
a different bacillus was isolated. The third rabbit showed no chronic 
inflammation of the upper nasal passages but a considerable time, 
13 days, had elapsed between the injection of Bacillus lepisepticus 
and the onset of symptoms. Ten rabbits remained free from snuffles, 
but in four of these chronic sinusitis was foimd, associated with various 
bacteria. An animal showing two distinct sinus infections had differ- 
ent organisms in the sinuses. 

We conclude therefrom that Bacillus lepisepticus cannot, by itself, 
be considered as the indtant of snuffles, for, if a group of supposedly 
normal stock rabbits be observed over the same length of time em- 
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ployed in our ezpetimaits, findings like those in an inoculated groiq> 
can be d[>tained even without manipulation, as we have demonstrated. 

We now attempted trSnsmisdon experiments with BacUlus 
bronckisepHcus, 

Experiments with BacSUts bronchisepticus Cultures.-^-Oia e3q)erience 
with this microorganism closely resembled those with BaciUus 
lepisepticus. 

Of six young rabluts inoculated intianasally, in the manner already described, 
with a culture of BaciUus bronchisepticus in its second generation or first subplant 
from the growth obtained from snuffles material, only one animal exhibited the 
disease. Ihis took the form of a slight mucopurulent discharge from the nose, 
which appeared 10 days after inoculation and lasted for 1 day, after which the 
rabbit returned to normal. The animals were observed over a period of 5 weeks. 

As with BaciUus lepisepticus, these results indicate th&t BacUlus 
bronchisepticus cannot be considered as having a specific relationship 
to the initiation of snuffles in supposedly normal stock rabbits. It is 
possible, in view of the evidence already presented, that the induction 
of transitory snuffles in one instance is apparently due to an acute 
exacerbation of a chronic inflammatory process in the nasal passages, 
present prior to the experimental procedure. 

Attempts to induce snuffles by the inoculation of these supposed 
etiolc^cal agents having failed, experiments were now made in which 
the nasal discharge itself, or suspensions of the nasal mucosa from 
typical cases of the disease in stock rabbits were employed. It was 
thought that perhaps some non-cultivable agent in these secretions, or 
the conjoint action of BaciUus bronchisepticus, BaciUus lepisepticus, 
and Staphylococcus albus which were present in them, could operate 
to induce the disease. 

Experiments with UnjUtered Nasal Secretions. — Two series of experi- 
ments were made. 

In (me series, the nasal -secretions from recent and old cases of snuffles were 
ocdlected by means of a thin cotton nasal swab and then this material was in- 
troduced into the nasal cavities of young, supposedly normal stock rabbits. 

In another series, the snuffles animal was killed by pithing, or a blow on the 
haid, and the entire length of the nasal mucous membrane was dissected out 
This was then ground with sand and 10 cc. of saline solution, and 0.5 cc. of the 
supernatant fluid injected into each nostril by means of a syringe. 
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Altogether, material was eii^>loyed hrom twelve rabbits with early SDUffles; 
that is, animals killed after the onset of the fipit definite symptmns of (he disease. 
It was inoculated into twenty-two young rabbith'. 

Of the twenty-two animals, seven showed snuffles. Of these, six were 

killed and all showed a marked chronic inflammatory process in the nasal pas- 
sages with si^^niration in one or more sinuses. Table I summarizes the results 
in the seven positive cases. 

In this experiment, as in the preceding ones, no definite evidence of 
the transmissibility of the disease by means of the nasal secretions from 
snuffles could be obtained. For in six of the seven positive cases, were 


TABLE I. 


Rabbit No. 

Time after 
inoculation 
inuffles 
appeared. 

Sinui infection. 

Cultures. 

Right. 

Left. I 


days 




1* 

10 

0 

0 

0 

2 

3 

+ 

0 

BaciUus hronckisepticus, BaciUus kpisepticus, and 
Streptococcus viridam. 

3 

1 

+ 

+ 

BaciUus bronckisepticus. 

4 

1 

0 

+ 

** lepisepticus and colifonn oiganism. 

5 

3 

+ 

+ 

Staphylococcus albus; few BaciUus bronchisepticus. 

6 

4 

+ 

+ 

Bacillus bfonckisepHcus; few Staphylococcus albus. 

7 

10 

+ 

-1- 

** bronchisepticus y BaciUus lepisepticus^ and 

Staphylococcus albus. 


* Rabbit 1 showed snuflies 10 days after inoculation. The symptoms con- 
sisted of a scanty mucopurulent discharge which disappeared in 3 days. The 
animal was not killed. 

found old, chronic affections in the nasal passages. From the patho- 
logical findings of thickened mucous membrane and inspissated pus 
in the sinuses, containing cells in varying stages of degeneration with 
relatively few bacteria, mostly phagocytosed, we infer that this nasal 
condition antedated the inoculation. Furthermore, the irregularity 
in the period of incubation and the inconstant presence of any one or 
any single group of microorganisms, together with the preexisting 
chronic disease of the nasal passages in supposedly normal controls, all 
indicate that the inoculations were not specifically related to the 
ai^arance of snuffles. The evidence supports our earlier observations 
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that the mocalatioi&s incite a latent condition to become an active 
disease. 

Althou^ the unfiltered material failed to ^ve conclusive results, 
we now used filtered suspensions of the nasal mucous membranes from 
snufQes animab and inoculated them both intranasally and intracere- 
brally in young stock rabbits. 

Two stock rabbits with typical snuffles were killed by pithing, and the nasal 
and smus mucous membranes were dissected out. The resulting material was 
ground with sand and 10 cc. of saline solution, centrifuged lightly to remove 
large particles, and the supernatant fluid was passed through a Berkefeld V 
candle. The dear filtrate showed no growth on the usual media. 

The filtrate, 0.5 cc. into each nostril, was inoculated into each of three young 
rabbits, but these failed to show any symptoms. 

The experiment was repeated three times, employing different sources for the 
snuffles material, but in all cases the results were negative or indecisive. 

Five different samples of filtrates were inoculated intracerebrally in doses of 
0.25 to 0.35 cc. into eight young rabbits. In no instance did there develop 
clinical evidence of snuffles, nor any untoward symptoms. 

Thus both the imfiltered and the filtered suspensions of snufliles 
material, the imfiltered inoculatedintranasally, the filtered, intranasally 
and intracerebrally, failed to induce the disease in supposedly normal 
stock rabbits. 


DISCUSSION AND SUMMARY. 

In our experience, covering a large number of rabbits, we have found 
that the condition known as snuffles falls into different types, the acute 
and fatal, symptomatic of some underlying infection such as septicemia 
or pneumonia; and the intermittent, and the chronic. The intermit- 
tent and the chronic types considered in this paper are those most 
commonly present in laboratory stocks. 

Our observations point to a widespread prevalence of the disease 
among rabbits kept under laboratory conditions. This statement 
might be questioned had the stock we examined been derived from a 
sin^e source. But the animals were procured from dealers who 
obtain rabbits in New York, Pennsylvania, Ohio, and as far west as 
Michigan. The same dealers supply the stock of most of the labora- 
tories in the East. Hence we believe that this disease is found 
generally prevalent in this part of the country. 
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We have demonstrated that practically all rabbits with intermittent 
or chronic snuffles reveal old chronic iB^smmatory processes of the 
upp>er nasal passages associated with thick inspissated pus in one or 
more sinuses. Moreover, these ccmditions are also present in about 
one-tenth of carefully selected, supposedly normal stock rabbits and 
in one-fourth of a casually selected group, free, during long periods of 
observation, from any of the symptoms of active snuffles. The 
peculiar anatomy of the animal’s nose which predisposes to the ready 
formation of enclosed pockets of purulent material may be the cause 
for the chronicity of upper nasal affections. When the animal’s 
resistance is lowered, the long standing, inflammatory process can 
flare up into an acute exacerbation, and then show itself as typical 
snuffles. Various means can effect this: chilling the body, the in- 
travenous injection of foreign proteins such as killed vaccines, or the 
intranasal inoculation of microorganisms of divers species. Bacterio- 
logical examination of the nasal secretions or sinus pus from animals 
with snuffles and those apparently free of the disease shows the 
presence in both cases of various microorganisms— 
albus, BacUlus bronchiseptkus, Bacillus lepisepticus, and others, in 
order of frequency. Different bacteria may be found in different 
sinuses in the same animal. 

A lack of recognition of these factors has led, we believe, to errone- 
ous conclusions with regard to the inciting agent of the disease. 
BacUlus lepisepticus and BacUlus bronchiseptkus have been declared 
the incitants of snuffles. Oiu: experiments, in which an attempt 
was made to induce the disease de novo with these microorganisms, 
failed. In all cases (with a single exception) in which snuffles followed, 
there was evidence of an infection which, judging from the condition 
of the nasal passages and from the cells in the exudates or secretions, 
had existed before the inoculations were made. Furthermore, the 
microorganisms recovered from the nasal passages had as a rule no 
relationship to those in the material inoculated. We attempted also 
to produce snuffles by inoculating intranasally the unfiltered and 
filtered suspensions of the ground nasal mucous membranes from 
typical cases of the disease occurring in stock rabbits. These attempts 
also failed. 
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It appears, therefore, that intennittent and chronic snuffles, as it 
attacks rabbits kept under laboratory conditions, is, ^ a rule, a sign 
of an undeilying condition-an exacerbation of a chronic indazmna- 
toty process in the iq>per nasal passages, associated with a purulent 
paranasal sinusitis. The microorganisms zecovored are to be looked 
upon as tending to maintain such conditions but we have still been 
unable to rqtroduce typical snuffles with them, employing supposedly 
normal stock rabbits for the purpose. One may presume that some 
agent, as yet undetermined, diminishes the resistance of the nasal 
mucosa, allowing different bacteria to invade and multiply there, 
thus causing disturbance. In this respect perhaps an analogous con- 
dition exists to that which prevails in epidemic influenza and common 
colds in man. 

It is obvious that further work along these lines cannot be properly 
carried out with rabbits whose antecedent history is unknown. The 
problem of the indtant of snuffles can best be studied in a breeding 
stock which is well controlled, one affording an opportunity to observe 
the animals from an early period of life. 

CONCLUSIONS. 

A study of snuffles in stock rabbits reveals that this disease is 
assodated with a chronic inflammatory condition of the upper nasal 
passages together with purulent paranasal sinusitis. The outward 
signs of snuffles are, as a rule, the expression of an exacerbation of 
preexisting inflammation in the upper nasal mucosa. While it is 
concdvable that in early or incipient cases the disease may be un- 
complicated and independent of chronic inflammatory processes, we 
have not been able to observe such cases. Supposedly normal sto(± 
rabbits, even those carefully selected and quarantined, exhibit the 
chronic inflammation just referred to. Such cannot therefore 
be employed for the solution of the problem of the actual indtant, 
whidi is, as yet, undetermined. 



(R^xcinted from The Johenax. oe Exfbkhiehtal Medicine, Novsmbet 1, 1923, VoL xxxvfii. 
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IMMUNITY STUDIES OF ROCKY MOUNTAIN SPOTTED 

FEVER. 

II. Prophylactic Inoculation IN Animals. 

By HIDEYO NOGUCHI, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, June 26, 1923.) 

Of the many urgent and interesting problems regarding Rocky 
Mountain spotted fever, that of personal prophylaxis seems to be the 
most important. The experiments reported here were carried out 
in an attempt to devise a practical method by which a non-immtme 
population might be rendered immune to the bites of infected ticks. 

Ricketts and Gomez^ early recognized the possibility of developing 
a satisfactory method of preventive inoculation, and carried out a few 
experiments in this connection but no adequate quantitative experi- 
mental analysis of the factors concerned in the production of artificial 
immunity. Since we have no pure culture of the etiological agent and 
cannot recognize it microscopically, we must rely solely upon animal 
inoculations for quantitative as well as qualitative estimation of the 
presence of the spotted fever organism. Since tiie number of causative 
organisms must bear a definite relationship to the amount of anti- 
bodies or the degree of immunity which is produced, a knowledge of 
the number and virulence of the organisms used is a prerequisite to an 
imderstanding of the phenomena of immunization. For example, 
1 cc. of the citrated blood of guinea pigs with all the sjrmptoms of 
spotted fever may contain only 1 or as many as 1,000 wiiTiimuTn lethal 
doses, but this fact can be ascertained only by careful titration of 
the material by animal inoculations, and tmless the number of 
minimum lethal doses is determined in each instance, the immunization 
experiments carried out become meaimgless or even misleading. 
Moreover, since the virus dies out in citrated or defibrinated blood 

^ Ricketts, H, T., and Gomez, L., Studies on immunity in Rocky Mountain 
spotted fever, /. Infect. Dis., 1908, v, 221. 
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or serum, even at 4‘’C., it must be titrated simultaneously with the 
vaccination or subsequent immunity tests in which it is being used. 

The selection of experimental animals is another important factor, 
and since our aim is to develop methods of protection for the human 
being, we must choose an animal m which the morbidity and mortality 
with re^ct to spotted fever infection approach as closely as possible 
those of man. The guinea pig excels other animals in this respect. 
The rabbit is far less susceptible than the guinea pig, and monkejrs 
{Macacos rhesus) are extremely susceptible, those of a series of eighteen 
having shown 100 per cent morbidity and mortality. The age and size 
of the animal are very important. Full grown males, weighing 500 to 
600 gm., are to be recommended; first, because of their comparatively 
greater resistance to banal laboratory Infections and their undiminished 
and remarkably constant susceptibility to the spotted fever infection, 
and second, because the characteristic genital lesions are best observed 
in male animals. The consideration of such factors as just outlined is 
absolutely essential for formulating a practicable method of prophy- 
lactic vaccination. 

The ordinary immunological procedures, known to be effective in 
other diseases, have been subjected to experimental determination of 
their possible application in the case of spotted fever: (1) the effect 
of injection of non-infective quantities of live spotted fever virus; 
(2) the effect of injection of killed virus; (3) the effect of injection of 
dead virus; (4) the effect of injection of freshly prepared neutral or 
supemeutral mixtures of the live virus with inunune serum; (5) the 
effect of heating and of age upon the immunizing properties of neutral 
mixtures of the virus with immune serum. 

The two strains of spotted fever virus used in the present series of 
experiments were obtained through the kind cooperation of Dr. R. R. 
Parker, and we continue to use his designation of them as “Cooper” 
and “Barlow.” The guinea pigs were almost always adult males 
weighing 500 to 600 gm. The virus was used in the form of citrated 
blood (equal parts of blood and citrate solution), usually drawn from 
the heart of the infected guinea pig on the 4th to 6th day of fever, 
preferably when the scrotal lesions became noticeable. Blood drawn 
on the 2nd or 3rd day of fever contains, in my experience, far less of 
the virus. Every specimen of blood was tested for bacterial contami- 
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nation on otdinaiy broth and slant agaf and was titrated simultaneously 
with each experiment to determine the aip^ber of killing doses which 
it contained. All the injections of virus, or mixtures containing virus, 
were made intraperitoneally. The temperatures of the animals were 
taken every morning during the period of observation; that is, until 
death or recovery, or, in case no infection developed, for at least 2 
weeks. The immune serums used in this work were chiefly from 

TABLE I. 


Effect of Non-Inf ectious Quantities of Virus. 


Date of 
inoculation. 

Material. 

Amount. 

Result. 

Immunity test. 

1922 


cc. 



May 10. 

Citrated guinea pig 

o.pol 

No reaction. 

June 13, 1922 (33 days). 


blood, Cooper 



Cooper strain 1 cc. (1,000 


strain (1 m.l.d. 



M.L.D.); typical infection 


- 0.01 cc.). 



but recovered. 



0.0001 

it « 

Similarly tested; typical in- 





fecdon; death in 11 days. 



0,00001 

t< a 

Similarly tested; typical in- 





fection; death in 11 days. 

Jan. 25. 

Citrated guinea pig 

0.1 

it it 

Feb. 17, 1922 (23 days), 


blood, Barlow 



Barlow virus 0.5 cc. (5 


strain (1 1 £.l.d. 



M.L.D.); typical infection; 


« 1 cc.). 



death in 10 days. 



0.01 

it it 

Similarly tested; typical in- 





fection; death in 19 days. 


rabbits which had passed through a typical but non-fatal infection 
and had been bled 2 to 3 weeks after the temperature returned to 
normal.* Scrotal lesions were frequently observed in the infected 
rabbits. In some instances the immune serums came from rabbits 
which had received a second dose of virus (4 cc. citrated blood of the 
guinea pig) during convalescence; these serums are designated as 
“reinforced,” and their titers are somewhat higher than those of the 
convalescent serums. All the immune serums were kept in the 
refrigerator at 4®C. except at time of use. 

* Noguchi, H., Immunity studies of Rocky Mountain spotted fever. I. Use- 
fulness of immune senun in suppressing an impending infection, J. Exp. Med., 
1923, zzzvii, 383. 
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Titration of virus used for testing immunity. January 5, 1923. 
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Efect of Non-Inf ectm Quantities of Lm Spotted Fever Virus. 

That guinea pigs vrhich survive a non-fatal btft typical spotted 
fever infection resist subsequent infection has long been kno^m, but 
whether or not animals receiving too small a quantity of the virus 
to become infected would acquire increased resistance renamed to 
be determined. Ricketts and Gomez published some observations 
on this point, ^ stating that, although they had made no systematic 
attempt to determine the vaccinating properties of minute doses of 
virus, they had reason to believe that prophylactic vaccination could 
not be based on this principle. The present experiment shows (Table 
I) that no appreciable immunity develops imder these conditions. 
Three guinea pigs received non-infective doses of one strain and two 
of another, and aU succumbed to subsequent inoculation 33 and 23 
days later, respectively. 

Effect of Injection of Virus Killed Either by Chemicals or by Heating. 

Chloroform, ether, and xylene were allowed to act upon the virus 
by shaking with it for 5 minutes. After the mixtures had been in the 
refrigerator (4°C.) for 20 hours, the clear portion in each case was 
used for inoculation. Guinea pigs were given the sterilized virus in 
doses of 1, 0.3, and 0.1 cc., and the animals were tested for immunity 
28 days later by inoculation of a single minimiim lethal dose of Barlow 
strain (0.1 cc.). There was no evidence of any increased resistance to 
the infection. 

Another portion of the same virus was heated to 56°C. for 10 minutes 
in a water bath. Three guinea pigs were then inoculated with 0.75, 
0.3, and 0.1 cc., respectively. No infection followed, and 28 days 
later each animal was given one minimum lethal dose of the virus 
(Barlow strain, 0.1 cc.). All had severe and typical infections, one 
dying in 14 days (Table 11). 

The failure of the animals to derive any immunity from the introduc- 
tion of the killed virus was apparently due to modification of the 
immunizing substances by the chemical or physical agents, since the 
same quantities of virus (100, 30, and 10 m.l.d.) when mixed with 
immune rabbit serum, proved ample, as will be shown later, to render 
animals immune to the inoculation of the same test material. 
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Effect of Injection of Dead Virus. 

Althou^ the foregoing experiment had shown that the virus could 
not be killed without impairment of its immunizing properties, the 
question remained whether it might not retain its power to confer 
immunity if allowed to die out under such unfavorable conditions as, 
for example, low temperature for a long period. Hence several 
animals, which had been inoculated with specimens of virus kept in 

TABIE III, 


Effect of Injection of Dead Virus. 


Strain. 

Kept 

at4T. 

fora 

period 

of. 

Amount. 

Result of inoculation. 

Result of immunity test, 
40 da^s after inoculation, 
agamst Barlow virus 

1 cc. (too u. I. n.). 


days 

cc. 



Cooper 

69 

2 

No reaction; died 


Guinea pig 11 



of secondary in- 





fection in 9 days. 


Same 

69 

4 (of 1:6 solu* 

No reaction. 

Typical infection; 



tion in dt* 


died in 16 days. 



rate). 



Cooper 

57 

2 

u u 

Typical infection; 

Guinea pig 19 




died in 12 days. 

Cooper 

31 

2 

Typical infection; 


Guinea pig 30 



killed for ma- 





terial 


Cooper 

28 

2 

No reaction. 

Typical infection; fi- 

Guinea pig 31 




nally recovered. 

Cooper 

21 

1 


Typical infection; 

Guinea pig 47 




died in 15 days. 

Barlow 

38 

2 

it (( 

Typical infection; 

Guinea pig 24 




1 died in 12 days. 


the refrigerator (4°C.) for periods of 28 to 69 days and had had no 
infection, were tested 40 days later for immunity by the injection of 
100 M.L.D. of virus (Barlow stram, 1 cc.). The animals all developed 
typical and, in most instances, fatal infections (Table III, Compare 
also Table IX, under the heading “Controls (heated virus alone).”)* 


TABI£ IV. 

EjJeU of li^tcUon of Neuiral or Stthneuiral Mixhures of Virus and Immune Serum, 
May 10, 1922. Virus: dtrated guinea pig blood (Coc^r stisdn), 1 cc. (100 
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Eject of Injection of Freshly Prepared Neutral or SupemaUral Mixtures 
of Lm Virus with Immune Serum. 

It had been noticed early in these studies of immunity in spotted 
fever that guinea pigs which had received suitable inixtures of virus 
and immune serum remained well throughout several weeks of observa- 
tion. The mixtures were innocuous, irrespective of the amount of 
virus introduced, provided the amount of immune serum were corre- 
spondingly adjusted. For example, 1 cc. of virus containing 100 or 
1,000 M.i,.D. might be injected without causing any infection when 
mixed with 0.1 cc. or more of immxme serum, and animals so inoculated 
were found to be completely refractory to subsequent inoculation with 
as many as 100 or 1,000 m.i,.d. The degree of immunity acquired was 
altogether comparable with that of animals which had received a 
subneutral mixture and had passed through a mild course of fever or a 
moderately severe infection with scrotal lesions. The immunity 
produced by subneutral mixtures is apparently the same as that follow- 
ing convalescence in animals which survive a typical severe infection 
caused by virus alone. 

Table IV shows the neutralizing power of the serum of eight con- 
valescent rabbits and of four h)q)erimmuni 2 ed immune rabbits {i.e. 
which had received a second injection of virus during convalescence) 
in 0.1 and 0.01 cc. against 100 (Cooper strain, 1 cc.) and the 
degree of immunity developed in the guinea pigs. 0.1 cc. of the con- 
valescent serum was an almost, but not completely, neutralizing dose, 
while the same quantity of the reinforced immune serums was sufficient 
to neutralize all infectivity . The guinea pigs were tested for immunity 
on several different occasions and with virus of various degrees of 
virulence. Of the eight animals tested 33 days later with 1,000 
M.L.D., none became infected, and no change in temperature was 
observed. Two tested 3 months afterwards against 1,000 m.l.d. 
resisted infection. One animal was tested after 6 months with 100 
M.LJ5. and proved resistant. Several others were tested after longer 
periods— 8, 9, and 10 months— -against 1, 5, anid 30 of virus and 
likewise proved immune. 

Supemeutral Mixtures . — ^In the case of human vaccination the 
neutral mixtures would leave too narrow a margin between the 
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neutral and the subneutial, and no mai^ can be too great to insure 
safety for the persons vaccinated. Since, however, a great excess of 
the inunune serum hi a mixture mi^t reduce or even nullify the 
immimizing properties of the virus, it was necessary to determine this 
point. Hence a series of experiments was carried out in which a 

TABLE V. 


Effect of Injection of Superneutral Mixtures of Virus and Immune Serum. 

May 25, 1922. Virus: dtrated guinea pig blood (mixed Cooper and Barlow 
strains), 1 cc. (100 Immune serum' rabbit. 


Immune 





Immunity test. 

•erum 

No. 

Amount. 

vaccinaLion 

reaction. 

Interval 

after 

vaccination. 

Degree of protection. 

11 

ec, 

1 

Mild fever; re- 

7 mos. 

Complete against 1 u.l.d. 

23 

1 

CO very. 

No reaction. 

7 

it it 2 it 

25 

1 

u 

it 

18 days. 

Died of intercurrent infection; no lesions 

186 

1 

it 

it 

1 mo. 

of spotted fever after injection of 1,000 
M.L.D. virus. 

Complete against 100 m.l.d. 

307 

1 

it 

<4 

4 mos. 

1 mo. 

« 1,000 “ 

44 44 JQQ 44 

314 

1 

it 

it 

4 mos. 

« 1,000 ‘‘ 

316 

1 

it 

u 

4 

‘‘ « 1,000 “ 

326 

1 

it 

it 

4 " 

« " 1,000 “ 

(327 

1329 

1 

u 

it 

Reserved for later test. 

330 

1 

it 

it 

4 mos. 

Complete against 1,000 m.l.d. 

332 

1 

t( 

it 

7 “ 

7i « 

7i « 

44 44 44 

44 44 5 44 

44 44 5 44 

349 

1 I 

it 

it 

7i " 

44 44 5 44 

350 

1 

it 

it 

Reserved for later test. 


considerable excess of the serum was assured by using 1 cc. against 
100 M.L.D. of virus. Fourteen different samples of immune serum, 
twelve of which been used also in the previous series of experiments, 
were used (Table V), all but one of which (No. 11) completely neu- 
tralized the virus. The animals were tested for immuni ty after 
1, 4, 7, and 7| months, respectively, and found to be completely 







Ejffect of Varums QuanliHes of Immune Serum on the Jmmummng Power of Ike Virus. 
June 24^ 1922. Virus: dtrated guinea pig blood (Barlow strain), 1 cc. (100 or 1,000 
Immune amim: rabbit. 
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resistant to iniecticm witli vims containing in some instances as many 
as 1,000 minimum lethal doses. 

The results showed that the immxme samn may be added to the 
virus in great excess without unfavorably influencing the development 
of immunity. 

TABij; vn. 

Duration of Passive Irnmnity. 


June 24, 1922. 


Tinmimis 

•fyrsttn 

(rabbit) No. 

Amount. 

Result. 

Immunity test. 

23 

cc* 

1 

No reaction. 

Tested 12 days later against Cooper virus 




1 cc.;* typical infection; died in 9 days. 

25 

1 

tt it 

Tested 12 days later against Cooper virus, 
1 cc.;* mild infection; recovery. 

Tested 2 months later against Cooper virus, 1 cc. 




(1,000 ii.L.D.) ; no infection. 


1 

it it 

Tested 2 months later against Cooper virus, 




1 cc. (1,000 M.LJ).) ; typical severe infection; 
died in 11 days. 


Titratioii of Cooper strain virus used for immunity tests. September 25, 1922. 


Guinea pig dtrate blood. 

Result of inoculation. 

cc, 

0.5 

Severe infection with scrotal lesions; killed for 


virus in 10 days. 

0.1 

Severe infection with scrotal lesions; killed for 


virus in 10 days. 

0.01 

Severe infection; died in 13 days. 

0.001 

it it it a u (4 

0.0001 

No infection. 


* Control died in 14 days. 


To confirm and supplement the above experiments, another series 
of. animals was inoculated with mixtures containing the same amount of 
virus with varying amounts of immtme serym. Two immune serums 
were separately used, and for each dose two animals were inoculated. 
2, 1, 0.5, 0.25, and 0.1 cc. of serum, respectively, were mixed with 1 
cc. of virus containing 100 minim u m lethal doses or about 1,000 mini- 
mum infecting doses. No reaction followed the inoculation in the 
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anunals which received the mixture containing 0.5 cc. or more of senim, 
but anunals which received 0.25 cc. or len all had some degree of 
febrile reaction, althou^ no scrotal lesions were noted. Irrespective 
of whether the quantity of serum was subneutral, neutral, or super* 
neutral, all the animals proved to be equally resistant to several 
subsequent attempts to infect th^ after intervals of 3 months 
(with 1,000 M.LJ). of virus), 5, 5^, 6, and 7 months (with 1 to 5 

TABLE vm. 

Protective Power of the Blood of Vaccinated Guinea Pig. 

Date of vaccination, May 25, 1922. 

Material: virus (Cooper and Barlow strains mixed), 1 cc. + immune rabbit 
serum, 1 cc. 

This animal belongs to the series reported in Table V. 


Interval 
after • 
vaccination. 

Test of blood for protective power of 
citrate plauna.* 

Result of inocolatioD. 

days 



30 

1 CC. + virus, 0.1 cc. (10 M.L.D. or 
100 

Definite febrile reaction; recovered. 


0.2 cc. + same virus, 0.1 cc. 

IVpical severe infection, with scio* 
tal and ear lesions; recovered. 


0.1 “ 0.1 “ 

Typical severe infection; died in 

1 10 da37s. 


* 10 cc. heart blood were mixed with 10 cc. citrate solution; plasma collected 
after centrifugation. 

Of the fourteen other guinea pigs vaccinated on the same day with the same 
material, two were tested after the same interval (50 days) by injection of virus; 
both resisted infection with 100 M.I..D. of the same virus as used in the above exper- 
iment. The remaining twelve animals were tested at intervals of 4 to 7} months 
with 1 to 1,000 of virus, and all resisted infection (see Table V). 

of virus) (Table VI). It is evident, therefore, that the quantity of 
immune serum may be liberally increased if the mixture is to be used 
for vaccination. 

The question arose whether the immunity which developed after 
the inoculations of neutral or supemeutral mixtures might not be 
merely a passive immunity, due to the introduction of the immune 
serum. This point was decided by the eiq)eriment recorded in 
Table Vn which showed that the inoculaticm of 1 cc. of a powoful 
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inuntme serum does not protect a guinea pig irmn subsequent infec- 
tum 12 days or later; hence the immunity observed in guinea pigs 2 
weeks or longer after the inoculation of neutral or supemeutral 
mixtures cannot be ascribed to a passive immunity brought about by 
the antiserum introduced with the virus. 

Protective Power of the Blood of Vaccinated Guinea Pigs. 

From the theoretical point of view it was interesting to determine 
the neutralizing power of the blood of a guinea pig which had pre- 
viously been inoculated with a neutral mixture of virus (Cooper- 
Barlow strains, 1 cc.) and immune senun (No. 28, 1 cc.). Blood was 
withdrawn from the heart 30 days after the time of vaccination. The 
dtrated plasma was separated, and 1, 0.2, and 0.1 cc. were tested 
against 10 m.i.j>. of the virus (Cooper strain, 0.1 cc.). The largest 
quantity, 1 cc., failed to neutralize the virus completely, but the 
animal recovered, while 0.2 and 0.1 cc. had no protective effect (Table 

vm). 

Fourteen other guinea pigs, vaccinated at the same time, and tested 
after the same period by injection of 100 m.l.d. of virus, all resisted the 
attempt to infect them. Hence the vaccinated guinea pigs are able 
to neutralize a far greater quantity of virus in vivo than the low 
neutralizing titer of their blood would lead us to expect. 

Effect of Heating and of Age upon the Immunizing Properties of Neutral 
Mixtures of Virus and Immune Serum. 

The strikingly effective protective value of a neutral or supemeutral 
mixture of virus and immune serum against experimental spotted fever 
in guinea pigs suggested the possibility of applying the principle to 
human beings. The prospect of seio-vacdnation, under the most 
rigid quantitative supervision of the virus and immune serum, is 
promising; nevertheless, it seems important, for the time being at 
least, to devise some method in which the virus in the mixture is killed, 
but which still gives a vaccine of definite protective value. 

In TaUes DC and X are recorded the resxilts of e}q>eiiments in which 
guinea pigs were inoculated with neutral or supemeutral mixtures of 
virus and immune serum which had either been heated to 60°C. for 
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20 minutes in a water bath or preserved in the refrigerator (4*^00 for 
32 days. One set of animals was inooulated with portions of the 

TABLE IX. 

Eject of Heating upon ike Neutral Mixtures of Virus and Immune Serum, 


October 5, 1922. Virus: citrated guinea pig blood, Cooper and Barlow 
strains (1 cc. contained 100 m.l.d.), 1 part. Imitiune serum: mixture of serum 
from several immune rabbits, 1 part. 




Immunity test 

Amoimt 

Result of vacdnation. 

Interval 

after 

vaccination. 

Tested against. 

Degree of protection. 

Unheated. 


cc. 

2 

No reaction. 

18 days. 

10,000 1C.L.D. 

Complete. 

2 

it 

u 

18 

10,000 “ 

u 

2 

a 

ii 

2 mos. 

100 “ 

Died of secondary infec* 

Controli 
+ vi 
2 

2 

1 ! 

\ (normal rabbit serum 
ms). 

Typical infection; died 
in 11 days, 

T>’pical infection; diedi 
in 11 days. 

j 

I 

tion. 


Heated to 60° C. for 20 minutes. 


2 

No reaction. 

18 days. 

10,000 1£.L.D. 

Mild fever, recovery. 

2 

« 

« 

18 “ 

10,000 “ 

it it ft 

2 

u 


2 mos. 

100 “ 

Died of secondary infec- 
tion. 


Controls (heated virus alone). 


2 

No reaction. 

18 da>s. 

10,000 M.L.D. 

Typical infection; died in 
15 days. 

1 

it 

tt 

18 

10,000 “ 

Typical infection; died in 
12 days. 

1 

it 

if 

2 mos. 

100 " 

Typical infection; died in 
13 days. 


freshly prepared mixture; another set received a portion of the same 
mixture, which had been previously heated; the remainder of the 
mixture was placed in the refrigerator and inoculated 32 days later. 
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Stlitable onttols (virus mixed with n<Hcmal rabbit serum, and virus 
ak)ne) aocompanied each of the three sets of experiments. 

TABLE X. 

fff -^1* the Neutral Mixtures 0 / Virus and Immetue Serum. 
Portioos of the mixtures of virus arid immune serum used on Oct 5, 1922 
^Tahk DQ were kq>t in the refrigerator at 4‘’C. until Nov. 6, 1922 (32 days). 





Immunity tett. 

Amoimt. 

Retolt (rf viooiMtion. 

Interval 

after 

vacdnation. 

Teetad aftini t. 

Degree of protection. 

(C, 

2 

No reaction. 

16 days. 

100 M.LJD. 

Typical infection; died in 
15 days. 

2 

« it 

1 mo. 

100 ‘‘ 

Irregular fever (secondary 
infection). 

1 

it it 

16 days. 

100 

Suspicious febrile reaction 
but no lesions; died in 
22 days of secondary 
infection. 

1 

ti it 

5 mos. 

30 

No infection. 


Controls (nonnal rablnt senim + viras). 


2 

Secondary infection. 




1 

No reaction. 

16 days. 

100 M.L.D. 

Topical infection; died in 
13 days. 


Controls (virus alone). 


2 

No reaction. 

1 mo. 

100 M.L.D. 

Typical infection; died in 
19 days. 

2 

2 

it it 

Suspicious febrile re- 
action; died in 16 
days; spleen en- 
laiged. 

16 days. 

100 ‘‘ 

Typical infection; died in 
14 days. 

1 

No reactionu 

1 mo. 

100 ‘‘ 

Typical infection; died in 
15 days. 

1 

i< tt 

16 days. 

100 « 

Typical infection; died in 
10 days. 


Examination of the results shows, first that the mixture wss super- 
neutral, since there was no evidence of infection in any of the animals 
inoculated with the unheated fresh mixture. Two of these animal<^ 
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were tested 18 days later a{;ainst 10,000 of virus, the other 2 
months later against 100 and boith resisted infection. The 

latter animal died of intercuirent infecti(m 3 weeks after the date 
of the immunity test. Normal rabbit serun had, of course, no 
neutralizing effect on the virus, and the two guinea pigs receiving the 
mixture of normal serum and virus died after 11 days. 

Of the three animals which received the heated mixture of virus and 
im nune serum, two, which were tested 18 days later against 10,000 
of virus, had a mild febrile reaction but showed no lesions; the 
other, which was tested 2 months later against 100 died of inter- 
current infection after 12 days; there were no specific pathological 
findings, and if the animal had a spotted fever infection, it must have 
been very mild. There is a great contrast between these results and 
those in the guinea pigs inoculated with the heated mixture of virus 
and normal rabbit serum, aU of which died of typical infection. 

Of the animals inoculated with the aged mixture, two died when 
tested 16 days later; one had a typical spotted fever infection, the 
other probably succtimbed to secondary infection while recovering 
from mild spotted fever. The third, tested 1 month later, had irregu- 
lar fever, but no symptoms of spotted fever. Of the animals which 
received the aged mixture of virus and normal rabbit serum, one died 
in 13 days of typical infection, the other was lost by intercurrent 
infection before the time of test. The aged virus alone produced 
neither infection nor immunity in the four animals receiving it; the 
two tested 16 days later died in 10 and 14 days, respectively, and the 
two tested after 1 month died in 19 and 15 days. 

The contrast between the effect of fresh unheated and heated 
mixtures is again strikingly brought out in Table XI, in which are 
presented the results of the inoculation of smaller quantities of the 
supemeutral mixture of virus and immune serum; one series of animals 
receiving respectively 1, 0.1, 0.01, and 0.001 cc. of the unheated, 
another the same quantities of the heated mixture. The injection of 
the heated mixture definitely modified the comse of a subsequent test 
infection, although complete immunity was not induced even in a dose 
as large as 1 cc.; the unheated mixture conferred protection in a dose 
of 0.1 cc., and even in the animal receiving 0.01 cc. the infection was not 
fatal. 
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These findings omfizm the earlier esperiments establishing tiie 
^ectiveness of fresh unheated neutral mixtures of virus and immune 
serum in producing immunity in guinea pigs. The uselessness of 
heated or aged virus, alone, or with normal rabbit serum, is definitely 
determined. Ihe presence of a definite immunizing properly in the 

TABLE XI. 

of Supemeutral Mixtures of Virus and Immune Serum in Various Amounts. 

Vitas: guinea pig serum, 1 cc., rq;>resenting 1,000 u.l.d. 


Immune serum: rabbit, 1 cc., representing ten times the quantity necessary to 
neutralize 1,000 u.l.d. 


Amount. 

Result of vacdnition. 

Result oi immunity test, 34 diys later, 
against 10 H. l. d. of vims. 



Unheated. 


ec. 

■■ ( 

f virus 500 m.lj). 
[serum 0.5 cc. 

No reaction. 

No infection. 

0.1 

f virus 50 1 I.L.O. 
[serum 0.05 cc. 

u u 

(( (( 

0.01 1 

f virus 5 1C.L.D. 

[serum 0.005 cc. 

<C 

i 

Severe infection; recovery. 

0.001 

f virus 0.5 if.L.D. 
[serum 0.0005 cc. 

Definite mild febrile 
reaction. 

No infection. 

Heated. 

1. 

0.1 

0.01 

0.001 

1 No reaction. 

, ft ft 

ft ft 

f( ft 

Mild infection; no lesions; re- 
covery. 

Moderately severe infection; re- 
covery. 

Severe infection; recovery. ♦ 
IVpical infection; died after 
14 days. 


neutral mixture which had been heated to 56H30°C., and also, though 
in less degree, in the neutral mixture kept at 4®C. for 32 days, indicates 
the probable effectiveness of mixtures treated in this way for prophy- 
iacttC'-Y^cdnation in man, notwithstanding that these preparations 
fail mucb'b^^o^ mixtures in immunizing titer. 
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6ENESAI. CONSIDEKAHONS. 

From thefindings outlined, itappearsthatthe immun i z ing properties 
of the Rocky Mountain spotted fever virus are almost, if not totally, 
removed by heating to 60°C. for 20 minutes or by prolonged preservaf 
tion at a low temperature. On the other hand, the imm u nizing power 
remains fully preserved when the virus is mixed with immune sennn 
in neutral or supemeutral proportions, notwithstanding the fact that 
such mixtures are completely devoid of infecting power. Moreover, 
heating of such mixtiures to 56-60“C. for 20 minutes, or prolonged 
preservation at refrigerator temperature, does not altogether destroy, 
though it markedly reduces, the immunizing power. Since normal 
rabbit sennn does not in any way influence or retard the rapid dis- 
appearance of immunizing properties from the virus imder similar 
conditions (heating or aging), the persistence of immunizing power in 
the neutral or supemeutral mixtures appears to be due to a specific 
reaction which takes place between the virus (antigen) and the immune 
serum (antibody). 

For the purpose of inducing artifidal immunity in man, the heated 
neutral mixtures of spotted fever virus and a hi^y potent immxme 
serum may be used. The serum of infected guinea pigs is preferable 
to that of rabbits as the somce of the virus, a high degree of virulence 
being more readily and uniformly maintained in the guinea pig. 
Immime serum from hyperimmunized rabbits is readily prepared and 
is capable of attaining a high degree of potency.* These two factors, 
highly virulent strains of the virus, and a powerful immune serum, 
are essential to the production of an effective sero-vacdne. The 
supemeutral mixture is prepared as follows: 

Blood is drawn from infected guinea pigs at the height of fever 
(4th to Sth day) and the clear serum separated from the clot.* The 
titer should be such that 1 cc. contains 100 11 . 1 ..D. of virus. By pooling 
a nmnber of serums (after first making sterility tests of the incUvidual 
serums to insure absence of secondary infection), virus of imifnim 

* It is imperative to determine by culture methods that the blood is free £rom 
any secondary bacterial infection, especially that caused by members of the 
paratyphoid group of badlli, which induce febrile and splenic reactions strikingly 
similar to the ^unptoms shown by guinea pigs on the 4th and Sth days of spotted 
fever infection. 
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virulence can be obtained in large quantity, binnune rabbit serum, 
of a titer such that 0.1 cc. will neutralize 100 is mixed with the 
virus in ten times the neutralizing dose. A less potent immune serum 
is not suitable, because an inconveniently large quantity would be 
required. The mixture is heated to SO^C. for 20 minutes in a water 
bath and preserved in the refrigerator until used. Two or more 
injections of 1 cc. of the mixture may be given subcutaneously. 

The procedure just outlined is a preliminary one only. The ultimate 
object of these experiments is a method in which the active (unheated) 
sero-vacdne may be safely applied to human vaccination. 

SmCHASY. 

Freshly prepared mixtures of spotted fever virus and immune rabbit 
serum in neutral or supemeutral proportions confer complete im- 
munity on guinea pigs. 

The mixtures undergo a considerable loss in immunizing power when 
heated to for 20 minutes, but are still capable, if used in sufficient 

quantity, of conferring a degree of immunity on the vaccinated animal 
such that a subsequent experimental infection is rendered less severe 
and non-fatal. 

Unheated mixtures which had been preserved in the refrigerator at 
4^C. for a period of 32 days still retained a certain degree of immun- 
izing property. 

The virus alone, or mixed with normal rabbit serum, when allowed 
to die out by prolonged preservation at refrigerator temperature, or 
when killed either by heating at 60®C. for 20 minutes or by chemicals 
(chloroform, ether, xylene) does not induce immunity in guinea pigs. 
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INTRODtJCTION. 

Our knowledge of the factors which govern the course of syphiHtic 
infection in the rabbit is still incomplete. Until a systematic study has 
been made of those likely to influence the reaction of this experimental 
animal to infection with Treponema pallidum, our conceptions of the 
mechanism by which the infection is controlled are likely to be frag- 
mentary at best. This communication deals with a study of some of 
the factors which seemed worthy of investigation from the standpoint 
of their influence upon the course of the syphilitic infection. The 
particular ones studied were those of age, sex, and method of 
inoculation. 

Stated in more precise terms, the object was threefold: (1) to 
contrast the character of the disease in a group of females inoculated 
intradermaUy with that observed in a group of males inoculated in the 
same manner; (2) to contrast the character of the disease in a group of 
males inoculated intradermaUy with that in a group of males inocu- 
lated by the intratesticular route; and (3) to contrast the reaction of a 
group of young males foUowing intratesticular inoculation with that of 
a group of older males. Opportunity was also afforded for a compari- 
son of the course of the disease in males in which the primary focus 
foUowing intratesticular injection had been removed by castration, 

*This work was aided in part by a grant from the United States Inter- 
Departmental Social Hygiene Board. 
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with the course in animab in tdiich no such attempt at interference 
with the ordinary progress of the disease had been made. In addition, 
it was possible to observe the course of the infection in animals in which 
attempts were made to produce chancres by implantation within the 
scrotum of bits of syphilitic rabbits’ testicles. However, the influence 
of the factors of route of inoculation, age, and sex were the principal 
ones selected for study. 

The experiment involved no new method of inoculation for the study 
of syphilis in the rabbit. All of the routes chosen have been used in 
the past, but there are not, to oiu: knowledge, any published reports on 
a large series of animals inoculated simultaneously in various ways with 
the same material. So far as we are aware, the three factors studied 
in this experiment, age, sex, and method of inoculation, have not in 
the past been similarly studied on a given series of rabbits with identi- 
cal infecting material. Experience with experimental syphilis in the 
rabbit has shown conclusively that a given series of animals inoculated 
at one time cannot be compared directly with a series inoculated at 
some other time, even when one is working with the same strain of 
Treponema pallidum. In any comparison of behavior of groups of 
animals toward infection with Treponema pallidum, it is essential that 
the various groups be inoculated at the same time, as well as with equal 
amounts of the same virus. Failure to observe this elementary rule 
wfll yield results which are of little value from a comparative stand- 
point in the study of experimental s)rphilis in the rabbit, hence the 
point is stressed here. 

Technique. 

The strain of Treponema pallidum used in these experiments was the Nichols 
strain isolated originally in 1912 from the spinal fluid of a case of neuroreddive (1). 
Hiis strain, now nearly 11 years old, has had many passages throu^ rabbits, and 
has attained a degree of virulence for that animal of sudi extent that it will 
produce primary lesions in 100 per cent, and under favorable conditions, will 
produce generalized lesions in from 80 to 100 per cent of animals inoculated 
intratesticularly, altiiough the incidence of such lesions is at times very low. The 
immediate source of the material was testicular tissue df two rabbits that showed 
rliniral evidence of orchitis 23 days after inoculation. The testicles were excised 
under ether anesthesia at a period when the syphilitic orchitis was progressing 
rapidly, portions of the body of the organ were finely minced with scissors, ground 
up in a sterile mortar with sterile salt solution, and the more fluid portion of the 
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resultiiig emulsion, which contained numerous actively motile organisms by 
dark-field examination, used for injection. Othe| pa^ of the body of the testide 
were cut into small bits, 2 to 3 mm. in thickness,' and these pieces served for 
scrotal implantation. 

IfUradmnal InocukUion^—Tbis method was accomplished by inserting the 
needle in the subcutaneous tissue of the sheath of the penis or vulva, at a distance 
of about 1 cm. from the mucocutaneous border, directing the needle toward the 
latter and at the same time bringing the top of the needle (bevel up) toward the 
surface until it lay in the skin just beneath the superficial layer, where it could 
be easily seen, and carrying it as far as the mucocutaneous border. 

Intraksiicular Inocidaiion. — ^This method needs no description. 

Scrotal Implantation, — This method has already been described (2) and need 
not be discussed at length. 

In the case of the intradermal and intratesticular inoculations the same amount 
of emulsion was used throughout; namely, 0.1 cc. For obvious reasons, the 
scrotal implants could not be of exactly the same size, but were approximately so. 

The animals belonged to a variety of breeds and were kq)t under observation 
for a period of 90 days. The selection of this period was based upon the course 
of events following a unilateral testicular inoculation, since experience with the 
strain had shown that within this interval the infection would pass throu^ a 
more or less orderly evolution of primary and secondary lesions, while observation 
over longer periods would entail the possibility of confusion throu^ the occur- 
rence of relapses. Hence, this period was selected as the most suitable for the 
comparisons that we had in xnind. No attempt was made to demonstrate tre- 
ponemata in the lesions as they appeared because of the possibility of the trauma 
exerting an influence on the course of the infection. 

In all, thirty-seven rabbits were inoculated, of which number two 
died from pulmonary disease during the course of the experiment and 
are excluded from consideration. The remaining thirty-five which 
are to be reported may be divided into six groups as follows: (A) 
five adult females (over 12 months) inoculated intradermally; (B) 
seven adult males (over 12 months) inoculated intradermally; (C) 
five young males (below 5 months) inoculated intratesticularly; (D) 
seven adult males inoculated intratesticularly; (E) five adult males 
inoculated intratesticularly, castrated; (F) six adult males inoculated 
by scrotal implantation. The inoculations were all made on October 
5, 1922- 

EXPERIMENTAL. 

Unless expressly stated otherwise in the ensuing protocols it will be 
understood that all primary lesions developed at the site of inoculation. 
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Group A. 

This groiQ) comprised five adult females. Eadi animal received 
0.1 cc. of testicular emulsion intradermally at the mucocutaneous 
border of the vulva. 

RaibU No. i.— 'Near 2Sealaiid red. No lesions of any sort except sUgfit inguinal 
and pcpUteal lymphadencpathy. 

JtaiiU No. 2 . — ^Brownish grey. After 11 days an infiltrated area, 3.0 mm. in 
diameter, and inguinal adenopathy. Maximum diameter, 4.0 mm., attained 
on the ISth day, later disappearance, followed by two recurrences on the 40th day. 

Rabbit No. 3. — ^Biown. Infiltrated area on the 10th day, 1.0 mm. in diameter, 
disappearing on the 12th day. Slight inguinal lymphadenopathy. No recur- 
rence. 

Rabbit No. 4. — ^Btown. Infiltrated area appeared on the 19th day, increased 
to 1 cm. in diameter on the 52nd day, and ulceration occurred, then the lesion 
gradually receded. Inguinal and popliteal lymphadenopathy. 

Rabbit No. 5. — ^Black. Indurated area, 3.0 mm. in diameter on the 10th day, 
readied maximum diameter of 8.0 mm. on the 21st day, then diminished gradually. 
Inguinal and popliteal lymidiadenopathy. 

Recapitulation . — Of the five animals in this group, one animal 
showed no local lesion save the initial reaction following injection, 
while another showed a small infiltrated area which disappeared within 
10 days. In a third animal the local lesion consisted at the most of a 
papule, 4 mm. in diameter, and in a fourth, the lesion consisted of a 
papule attaining a maximum diameter of 8 mm. In only one of the 
group did the lesion develop into a characteristic chancre with necrosis 
of the epithelium, and ulceration. Not one of the animals showed the 
presence of generalized lesions (bone, skin, eye) within the period of 90 
days following injection. In this group, then, the disease in general 
manifested itself as an inconstant and relatively mild local reaction 
without clinical evidence of generalization, except for a comparatively 
slight and rather uncertain reaction in the inguinal and popliteal lymph 
nodes. 

Because of the absence of any generalized lesions in this group it 
seemed worth while to determine, by transfet of lymph node material 
to normal rabbits' testicles, if the organisms had invaded the body in 
^ite of the slight local reaction at the inoculation site. The popliteal 
lymph nodes were removed firom each animal in the group and, after 
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emulsification in salt solutioni were injected into the testides of two 
nonnal rabbits, respectively. Of the ten airfmals to which node trans- 
fers were thus made, all developed an orchitis containing treponemata 
within a period of not more than 62 days after transfer, demonstrating 
that in all of the five females, infection and general dissemination had 
taken place in spite of the relatively slight degree or total absence of 
lesions at the site of inoctilation, and in spite of the failure of pro- 
duction of clinically recognizable generalized lesions.^ 

Group B. 

This group consisted of seven adult males. Each animal received 
0.1 cc. of testicular emulsion intradeimally in the sheath of the penis. 
The individual protocols follow. 

Rabbit No. 6 . — ^Brownish grey. Infiltrated area, 1 mm. in diameter, 31st day; 
disappeared on the 42nd day. Transient and immediate inguinal lymphadenop- 
athy. No popliteal lymphadenopathy. 

Rabbit No. 7.— Brown. Papule, 2.0 mm. in diameter, on the 31st day; on the 
61st day three papules appeared and increased in size during the period of obser- 
vation. Ri^^t-sided orchitis on the 89th day. Inguinal adenitis developed 
early. 

Rabbit No. New Zealand red. Infiltrated area, 2.0 mm. in diameter, 
appeared on the 10th day, increased in size, developed into a chancre with a 
maximum diameter of 8.0 mm. on the 74th day. Inguinal and pc^liteal lymph- 
adenopathy. 

Rabbit No. 9. — Albino. Infiltrated area appeared on the 6th day, increased 
in size, and became a typical chancre with maximum diameter of 1.5 cm. on the 
74th day. Left-sided periorchitis on the 85th day. Inguinal and popliteal 
lymphadenopathy. 

Rabbit No. Brown. Infiltrated area appeared on the 10th day, became 
a typical chancre with a maximum diameter of 1.8 cm., and was inaeasing in 
size at the end of the experiment. Skin papule on right foot on the 84th day, 
bilateral orchitis at same time. S3dn lesion on the left foot and lesions of the 
left tarsus, the left fifth metatarsal, and the left ulna on the 89th day. 

Rabbit No. if.— Brown. Infiltrated area appeared on the 10th day, r^pnessed, 
then became a chancre with a maximum diameter of 10 mm. on the 61st day. 
Inguinal and popliteal lymphadenc^thy. 

^ This portion of the work was carried out in the Syphilis Division of the Depart- 
ment of Medicine of the Johns Hopkins Medical School, and was participated in 
by Dr. Jarold £. Kemp, to whom thanks are due. 
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BaibiiNo.l2.—Qxey. Infiltmled am i^fpe»xti oo flie tOth day, * maadmum 
diuMtar of S.0 m(B. attaiaod on Uie }9th day; the leakm then needed. No 
tdeeratkm. Tranaknt inguinal lymiAadengathy. 

RecapUHk$i 0 tt.---Jn this group of seven animals there was one in 
which the only local lesitm was a transient tiny area of m&ltxatkm, a 
second in which the local lesion developed into an indurated anrii, 0.5 
an. in diameter at its maximum, and a third in which the local lesion 
consisted of three infiltrated papules. In this latter animal evidence 
of generalization of the virus was provided by an orchitis appearing 
on the 89th day following injection. In the remaining four animals 
characteristic chancres appeared on the prepuce at the site of inocula- 
tion, and in two of these animals generalized lesions occurred. Sum- 
marizing these results: one animal showed only a slight and transient 
local lesion; two showed persistent lesions which were in the nature of 
papules which did not ulcerate; and four developed typical chancres. 
Gaieralized lesions, consisting of metastatic orchitis, skin papules, or 
periosteal thickenings, developed in three of the anhmds within aperiod 
of 90 days; the lesions of skin or bones, however, occurred in only one 
animal of the group. In this group the primary reaction at the site of 
inoculation was much greater than in the group of females, and the 
regional lymphadenitis was more marked. Exclusive of testicular 
involvement, one of the seven rabbits showed generalized lesions, while 
none of the females showed such lesions. 

Group C. 

This group consisted of five young males, aU less than 6 months of 
age. Each received 0.1 cc. of testicular emulsion containing spiro- 
chetes, in the right testicle. The individual protocols follow. 

Rabbit No. iJ.— Brown. Orchitis (nght) appeared on the 10th day, scrotal 
edema on the 24tii day, metastatic orchitis (left) on the 46th day, and a scrotal 
chancre (rij^t) on the 60tii day. Skin lesion appeared on the right foot on the 
66tiiday. 

Rabbit No. W.— Brown. Nodular orchitis (right) appeared on the 17th day, 
scrotal edema on the 24th day, and metastatic ordutis (left) on the 40th day. 
Sdn lenon a|q;)eared on the ri^t foot on the 62nd day, and a similar lenon on the 
left foot on the 73rd day. 
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Raibit Ne. IS.—Btown. Orchitis (rig^t) a|>peared <m tiie 10th day, a scrotal 
edema on the 19th day, metastatic orchitis (left) on the 4(ith day, and a soqtal 
chancre (rig^t) on the 00th day. Skin lesion appeared on the left foot on tiie 
tiOth day. 

Rabbit No. 16. — Brovnish g;rey. Orchitis (rj^t) appeared on the 10th day; 
the entire testicle involved on the 24th day, after wl^ the orchitis regressed, 
and no other lesions appeared. 

Rabbit No. 17. — Greyish brown. Orchitis (riglht} appeared on the 17th day, 
scrotal edema on the 25th day, and metastatic orchitis (left) on the 48th day. 
Scrotal chancre (rigjht) appeared on the 52nd day and skin lesions appeared on 
the right foot on the 70th day. A second scrotal chancre appeared on the 77tb 
day on the right side. 

Recapihdation . — Of the five young males injected intratesticularly 
an initial orchitis occurred in all. In four, or 80 per cent, an orchitis 
developed in the non-inoculated testicle vdthin an average period of 
43.7 days. All of these four animals showed skin lesions within an 
average period of 64 days. One animal only failed to develop meta- 
static lesions in the testicle or elsewhere. 

The outstanding feature of the condition presented by this group of 
animals was the occurrence of severe primary lesions and of well 
developed lesions in the uninoculated testicle, as contrasted with 
comparatively slight lesions elsewhere, aU of which were confined to 
the skin. 


Group D. 

This group comprised seven adult males inoculated intratesticulaily 
with 0.1 cc. of testicular emulsion containing treponemata. Only 
one testicle was inoculated and no attonpt was made to interfere with 
the course of the infection. The individual protocols follow. 

Rabbit No. 18. — ^Himalaya cross. Orchitis (right) appeared rai the 10th day, 
a scrotal chancre (right) on the 42nd day, and metastatic periorchitis on the 46th 
day. Skin papule appeared on the right foot on the 62nd day. 

Rabbit No. 19. — Grey. Orchitis (right) appeared on the 17th day, scrotal 
edema (right) on the 26th day, followed by massive nodular orchitis. No meta- 
static lesions were observed. 

Rabbit No. 20. — Flemish cross. Orchitis (right) appeared on the 19th day, 
scrotal edema (right) on the 29th day, metastatic orchitis (Idt) on the SSth day, 
and a scrotal diancre (right) on the 66th day. A skin lesion aiq>eared on the 
right foot <ni the 49th day. Scrotal chancre appeared on the left side on the 
84th day and a skin lesion aj^Msazed on the left foot at the same time. 
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JteUA No. «m«. ORUtis q>peared on the lOds day, 

Mntal edema oo die 17th day, and metastatic oidiitis Oett) on the 38di 
day. Slda lod^ iqqieaxed oo the Idt foot on the 49th and doth days. Scrotal 
chancre (rijht} devdoped on the 66th day. 

RaUU No. ZZ.—Bluk and Flemish crosa. Orchids (i^t) i^ipeared on the 
10th day, scrotal edema (tig^t) on the 21st day, and metastatic ordiitis (left) on 
the 38tfa day. 9cm lesions qipeared on the right foot on the 56th day, and <m 
the left foot on the 64th day; periosteal lesion of fifth left metatarml on the 
60th day. Phlyctenular lesions aj^eared on the sclerocomeal margin of the 
left eye at the same time. 

Rt^bit No. 23 . — Greyish brown. Orchitis (right) aigieared on the 10th day, 
scrotal edema (right) on the 27th day, and metastatic orchitis (left) on the 46th 
day. No other gmeralized lesions occurred. 

RabiU No. 24. — ^Brown. Ordiitis (right) appeared on the 17th day, scrotal 
edema on the 19th day, and metastatic orchitis (left) on the 54th day. Skin 
lesions appeared on the left foot on the 49th and 53rd days, on the right foot 
on the 55th day, and at the base of the tail on the 60th day. Fusiform swelling 
of the shaft of the fifth right metatarsal appeared on the 45th day. 

Recapitulation . — Of the seven adult males which were inoculated 
intratesticularly, six, or 85.7 per cent, showed metastatic orchitis 
within a period of 41.5 days, and five, or 71.4 per cent, had metastatic 
lesions of other structures (skin and bone) within an average time inter- 
val of 54.7 days. 

Group E. 

This group comprised five adult males which were inoculated intra- 
testicularly with 0.1 cc. of testicular emulsion containing treponemata. 
Only one testide was inoculated. On the 11th day following inocula- 
tion, when lesions could be detected by clinical examination in all of 
the animals, the entire right testide was removed under ether anes- 
thesia and the wound dosed with sutures. The individual protocols 
follow. 

RahbU No. 25.— AUnno. Orchitis (right) appeared on the 10th day. Castra- 
tion (rig^t) on the 11th day. Recurrent lesiim of the stump on the 38th day, 
later becoming a chancre; metastatic q>ididyinitis (left) on &e 53rd day. Skin 
lesions appeared on the right foot on the 84th day and on the left foot on the 
90th day. 

Rabbit No. 26 . — ^Brown and Maltese cross. Orchitis (rig^t) appeared on the 
10th day. Castration (right) on the lltii day. Recurrent lesion of stump on 
the 38tii day, later devd<g>mg into a dumcre. Metastatic orchitis (left) on the 
40th day. No other generalieed ksbns were noted. 
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RablU No. Zf . — Orchitu (ri|^t} Appealed on the 10th day. Castration (r^t) 
on the 11th day. Some induration of the stump ai%>eared but no marked lesian 
deveh^Md. Metastatic ordiitis (left) appeared on the 50th day, lesion (rf nasal 
bones on the 70th day, and a ddn lesion of the right foot on the 85th day. 

Rabbit No. 28.—Neiw Zealand red. Orchitis (ri^ht) appeared on ^ 10th 
day. Castration (right) (m the 11th day. No metastatic lesions of any sort 
were observed, nor were there any recurrences at the operative site. 

Rabbit No. 29. — ^Brown. Orchitis (right) appeared on the 10th day. Castra- 
tion (ri|^t) on the 11th day. Recurrence at the operative site on the 29th day. 
Metastatic orchitis Qeft) on the 42nd day. Periosteal bone lesions appeared (m 
the fifth rij^t metatarsal on the 52nd day, on the left ulna on the 53rd day, and 
on the nasal Ixmes on the 63rd day. 

Recapitulation . — Of the five adult males which were inoculated 
intratesticularly and the primary focus removed later by castration, 
four, or 80 per cent, showed a metastatic orchitis within a period of 46.7 
days, and in three, or 60 per cent, metastatic skin or bone lesions made 
their appearance within 90 days. In this group the metastatic lesions 
were slower in making their appearance than in the control group 
(Group D), in which there was no attempt made to interfere with the 
course of the primary focus. The ultimate incidence of generalized 
lesions was approximately the same in the two groups. In three of 
the five castrated animals, pronoimced recurrent lesions developed in 
the operative wound. In a fourth there was a similar although less 
marked recurrence. 


Group F. 

This group comprised six adult males. All of the animals in the 
group were inoculated by implantation, within the right scrotal sac, 
of bits of syphilitic testicular material containing treponemata. The 
individual protocols foUow. 

Rabbit No. 30. — Grey. Scrotal chancre appeared on the 10th day, orchitis 
(right) was detected on the 31st day. Skin lesions appeared on die left foot on 
the 49th day, and on the right foot on the 60th day. Periosteal lesions of both 
radii were observed on the 52nd day, and of the right ulna on the 66th day. The 
chancre began to heal spontaneously before the 90th day. 

Rabbit No. 37.— Albino. Scrotal chancre developed by the 10th day, a skin 
lesion appeared on the left foot on the 70th day. The chancre healed i^iontane- 
ously briore the 90th day. 
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JbMU If 9. 3l.—ASmo. Scrotal dianae devdt^ed oa die 10th day. Meta- 
Btatk <»chida O^lt) ai^peared co die S2nd day, and on the 60th day a aubcu* 
taseoua nodule of uncertun nature appeared. The chancre, after attainhig an 
enormous site, began to heal before the 90th day. 

RiMU No. JJ.— Brown. Scrotal chancre developed by the 10th day; skin 
lemons ai^eared on both feet. The chancre healed ^wntaneoudy before the 
85th day. 

Rabbit No. J#.— Brown. Two scrotal chancres developed by the 17th day, 
one at the «te of implant, the other at the scrotal inci^n. Metastatic q>i- 
didymitis (left) was noted on the 64th day. No other metastatic lesions were 
observed, while both diancres healed spontaneously by the 66th day. 

Rabbit No. 35 . — ^Bdgian cross. Two scrotal chancres developed by the 10th 
day, one at the site of the implant, the other at the scrotal incision. They 
coalesced, forming a single chancre by the 20th day. Metastatic orchitis (left) 
appeared on the 46th day, skin lesions on the left foot on the 49th day, and on 
the right foot on the 60th day. A ledon of the nasal bones was observed on the 
60th day. The chancre, after r^essing appreciably, relapsed and was increasing 
in size at the end of the experiment. 

RecapiMation . — Of the six adult males which received implanta- 
tions of syphilitic testicular material in the scrotum, all developed 
typical chancres which healed spontaneously. In three, or 50 per cent, 
metastatic orchitis or epididymitis made its appearance within an 
average time interval of 54.9 days; and five, or 83 per cent, showed 
metastatic lesions of other structures in an average of 51.6 days. 

GENERAL SUMMARY. 

For convenience the results are summarized in tabular form. Table 
I shows a comparison of the primary reaction in the groups of female 
and male rabbits inoculated intradetmally. In Table II the incidence 
of metastatic lesions is shown in the various groups of animals. In 
Table HI are shown the character and date of appearance of the gen- 
eralized lesions (exclusive of orchitis) in the various groups of animals. 

The results presented in Tables I, II, and m, together with a study 
of the individual protoafis, permit the following general statements to 
be made relative to the effect of the factors studied upon the course 
of eiqperimental syphilis in the rabbit. 

Sex . — In the group of females inoculated intradermally the lesions 
at the site of inoculation were in general less marked than in the group 
of males similarly inoculated. Moreover, they attained their maxi- 
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mum size earlier and began to recede earlier than was the case in the 
males. In none of the females was there clinical evidence of the pro- 
duction of generalized lesions, while in the corresponding group of 
males metastatic lesions of skin or bones detectible by clinical examina- 
tion occurred in one instance, or 14.3 per cent. In both groups there 
was wide variation in the character of the initial reaction in individual 
rabbits and in the time required for it to reach its maximum size. 


TABLE I. 

Comparison of Primary Reactions in Male and Female Rabbits Inoculated 
Intradermally with Treponema pallidum. 


Group. 

Rabbit 

No. 

Character of primaiy letion. 

Incubation 

period. 

Maximum 
diameter 
of primaiy 
lesion. 

Time of 
appearance 
of tw>.TiTmini 
size of 
primary 
lesion. 

A. 


None. 

'msm 

mm. 

days 

5 females. 


Indurated papule. 

H 

4 

15 



Transient indurated area. 


1 

10 



Chancre. 


10 

52 


5 

Indurated papule. 

■■ 

8 

21 

Average 



10 

4 

19.6 

B. 

6 

Transient indurated area. 

31 

1 

31 

7 males. 

7 

Three indurated papules. 

31 

5 

?♦ 


8 

Chancre. 

10 

8 

74 


9 

it 

6 

15 

74 


10 

it 

10 

18 

?♦ 


n 

it 

10 

10 

61 


12 

Indurated papule. 

10 

5 

19 

Average 



15.4 

9 



* Lesion still increasing in ^ at the end of the e^eriment. 

Age . — In the five young males inoculated intratesticularly the dis- 
ease was not greatly different from that observed in the older males 
similarly inoculated. The initial reactions were sli^tly slower in 
making their appearance, but the magnitude of the reaction, as judged 
by enlargement of the testicles, was somewhat greater. The percent- 
age incidence of metastatic orchitis was almost the same in the two 
groups. The younger animals showed a slightly greater incidence of 
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glBaecalued lesums involving structures other than the testkles, 
althotti^ the difference was insignificant, but the lesicms were smaller, 
fewer in number, and confined entirely to the skin, and there was no 
instance of severe generalized ledons. Moreover, the occurrence of 
metastatic lesions (skin) in the younger animals was definitely 
delayed. 

Method of Infection . — ^In the animals inoculated by the intratesticu- 
Uur route the development of the primary reaction and the incidence of 
generalized lesions involving skin and bone were much greater than in 


TABIE II. 

Incidence of Metastatic Syphilitic Lesions in Various Groups of Rabbits. 


Group tnd metBod of inoculation. 

No. 

ittocu* 

lated. 

Metutatic orchitis. 

Generalised lesions (bone, 
skin, eye). 

No. 

Per 

cent. 

AveraRC 

time^ 

appear- 

ance. 

No. 

Per 

cent 

Average 
time of 
appear- 
ance. 

Intradennal inoculation. 






■ 


days 

A. Adult females. 

5 




n 

0 


B. Adult males. 

7 

3 

42.8 


1 

14.3 

84 

Intratesticular inoculation. 

C. Young males. 


4 

80 

43.7 

4 

80 

64 

D. Adult males, not castrated. 


6 

85.7 

41.5 

5 

71.4 

54.7 

E. ** castrated. 


4 

80 

46 7 

3 

60 

69 

Scrotal implantation. 

F. Adult males. 

6 ’ 

3 

50 

54.9 

3 

50 

51.6 


the animals inoculated intradermally. Thus, of the latter group only 
one, or 14.3 per cent, showed a secondary metastatic lesion (skin), 
while in the group inoculated by the testicular route the incidence of 
metastatic skin and bone lesions was as high as 71.4 per cent. The 
difference in the character of the disease exhibited by these two groups 
of animals inoculated in a different manner is quite st riking . Intra- 
testicular inoculation produced a much more violent local reaction and 
a much greater incidence of generalized lesions than did intradermal 
inoculation. 
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Effect of Castration . — ^In the group of animals with unilateral ordii- 
tis in Nidcb the infection was allowed to run its course without any 
attempt at suppression by removal of the initial focus^ metastatic 
lesions appeared more promptly and in slightly greater Incidence than 

TABLE in. 

Character and IkUe of Appearance of Generalized Syphilitic Lesions (Exclusioe of 
Orchitis) in Various Groups of Rabbits. 


Group. 

Rabbit 

No. 

Generalized 
«jrpl^ 
(exclusive of 

Lesions in order o! their appearance. 


orchitis and 
lymphadenitis). 



Intradennal inoculation. 





days 


A. 

1 

— 



5 females. 

2 

— 




3 





4 





5 

— 



B. 

6 

— 



7 males. 

7 

— 




8 





mm 

— 




IS 

+++ 

S(89), PB(89), PB(89) 



o 

— 




H 




Unilateral testicular inoculation. 

C. 

13 

+ 

S(66) 


5 young males. 

14 

++ 

S(62, 73) 



15 

+ 

S(60) 



16 

— 


i 


17 

+ 

S(70) 


D. 

18 

+ 

S(62) 


7 males. 

19 





20 

++ 

S(49,84) 



21 

++ 

S(49, 60) 



22 

++++ 

S(56), PB(60), E(60), S{64) 



23 





24 

+++++ 

S(49), PB(S2), S(S3, 55, 60) 



E indicates eyes; S, skin; PB, periosteum and bone. 
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TABUB mr-^Cmdudii. 


Giooik 

No. 

OenenBied 

iiSSA. 

Letioni la order of their appearance. 

Iteoar^ 

rcaoe* 

Unilateral testicular inoculation^ castration. 

£. 

25 

++ 

8(84,90) 

+ 

5 males. 

26 

— 


+ 


27 

++ 

PB(70), 8(85) 



28 

— 


— 


29 

+++ 

PB(52, 53, 63) 

+ 

Scrotal implantation. 

F. 

30 

+ + + + 

8(46), PB(S2), 8(60), PB(66) 

I 

6 males. 

31 

+ 

8(70) 



32 

db 

S((50)? 



33 

+ 

8(60) 



34 

— 




35 

+ + + 

8(49), PB(60), 8(60) 



in the group of animals in which the initial local reaction was suppress- 
ed by removal of the focus itself through castration. The percentage 
differences are not very great, but they are constantly in favor of the 
first group, as is the time interval of appearance. This experiment is 
not in strict accord with similar experiments observed by Brown and 
Pearce (3) in the past, and while the reasons for this difference are not 
dear the fact may be noted that the inddence of generalized lesions 
in uncastrated animals is somewhat higher than that reported by these 
authors, also that there was a high percentage of recurrence of primary 
lesions. 


DISCtJSSION. 

The results are suffidently dear-cut to permit of a generalization on 
several points. The difference in the character of the initial local 
response and in the subsequent production of generalized lesions, 
exhibited by the mediods of intradetmal and intr;atesticular inocula- 
tion, is striking, and can scarcdy be ejq)lained upon the basis of biolo^- 
cal variation in groups of animals. One is forced to condude either 
that the superficial layers of the skin of the rabbit (the scrotum ezduded) 
constitute a relativdy unfavorable site for the active proliferation of 
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the treponemata when small amounts are introduced, or eke that the 
defensive mechanism at this spot is brought to sudi a level as almost 
completely to suppress the initial reaction, tvithout, however, pre- 
venting general invasion of the body with lymph gland involvemeiit. 
By contrast the testide is a much more favorable site for the setting 
up of a clinically recognizable lesion. Whether this is due to the pres- 
ence in the testide of an abundance of substances favoring growth of 
the treponemata, or to the absence of conditions that favor tiie opera- 
tion of factors of resistance it is impossible to say. Perhaps both 
influences may be at work side by side. The successful production of 
primary reactions in the scrotum by implantation of bits of tissue con- 
taining treponemata does not in our opinion alter the generalization 
that the primary reactions obtained by testicular inoculation are 
greater than those obtained by intradermal inoculation. In the case 
of the scrotal implantations the inoculum was of necessity much larger 
than that employed for intratesticular and intradermal inoculation. 

The difference in the behavior of the females and the males toward 
intradermal inoculation is of interest. In the former the local reac- 
tion was much less prominent than in the males, attained its maximum 
size more rapidly, and deared up more promptly. None of the five fe- 
males devdoped generalized lesions of other structures, whereas in two 
of the seven males an orchitis developed, and in a third there was 
evidence of generalization of the virus in the shape of skin and bone 
lesions. The behavior of these five females was different from that 
of eight normal females formerly reported in a paper (4) dealing with 
the reaction of pregnant females to inoculation with Treponema 
pallidum. In that paper it was stated that non-pregnant female 
rabbits reacted to int^ermal inoculations of the vulva with the 
prompt development of characteristic indurated lesions at the site of 
inoculation. Pregnant animals, however, when inoculated under 
aimilar conditions were found to react either not at all or with much 
less marked rliniral phenomena. In the five non-pregnant animals 
reported rqpon in this paper the reaction to intradermal inoculation 
approached more closdy that exhibited by the pregnant animals m 
the foregoing paper. This discrepancy in results is probably explain- 
able on the basis of a difference in virulence or a difference in tiie sever- 
ity of the prevailing disease since a difference of the same character 
was observed in the behavior of the male animals of the two series. 
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SXnEUMBMTAZ, SVPSIUS 


Wbatever its eiptenstkn, it serves to show that the behavkur ci aiqr 
one geoap of rabbits towaid iafectiora with Trep«i»ma paiiidum is 
no means indicative <d what may be expected subsequently in 
another group of animals even if infected with the same strain. In 
our <pinion this point has not received sufficient attention, particularly 
from some of those workers in esperimental syphilis who have been 
attempting to classify strains on the basis of the primary reactions 
exhibited by the rabbit host. Many of the variations in primary 
reactions that have been proposed as characteristics for differen- 
tiating one strain from another were, to judge from their descrip- 
tion, no more marked than those exhibited by the group of female 
rabbits reported upon in this paper. 

It is cd interest, also, that in all of the five females that were 
inoculated intradermally the organisms were able to invade the body 
and localize in distant lymph nodes in spite of the relatively slight local 
lesion at the portal of entry or the total absence of the same. This 
observation parallels similar observations by Neisser in monkeys and 
is in ^eement with previous work (5) in which it was demonstrated 
that Treponema paUidum might make its way through the genital 
mucosa of rabbits and invade the body, without calling forth any reac- 
tion at the site of inoculation. 

With respect to the factor of age, the results were not sufficiently 
clear-cut to warrant any broad generalization. In general, the yoimger 
animals reacted with a more violent initial lesion, and were apparently 
able to keep the subsequent manifestations under control for a slightly 
IcmgOT period of time, as well as to prevent the occurrence of any severe 
generalized lesions. There was a rather striking uniformity in the 
manner in which the individual animals in this group reacted to the 
infection at the site of inoculation. 

The effect of removal of the initial focus on the subsequent produc- 
ti<m of generalized lesions, which in former experiments by Brown 
and Pearce (3) resulted in a greater incidence of the latter, was not 
observed in the experiments herein reported., In those animals 
in which the primary reaction was removed by castration the incidence 
ci generalized lesions was no greater and the time of occurrence was 
distinctly postp(med. The former experiments seoned to point defi- 
nitely to an influence on the course of the infection exertedby the initial 
lesion. Procedures calculated to suppress the initial lesitm (removal, 
insufficient treatment with arsenicals) resulted in a greater incidence. 
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within certain time limits, of generalized lesions in the animals in 
which the interference with the initial lesion was instituted than in the 
controls. Upon this basis an hypothesis spoken of as a “law of inverse 
ratio” was formulated. The experiments herein described would 
seem to indicate that under conditions as yet unknown there may be 
exceptions to this principle. 


CONCLUSIONS. 

1. Rabbits inoculated intradermally with active syphilitic virus axe 
within spedfied time limits less prone to develop generalized syphilis 
recognizable by clinical methods of examination than those inoculated 
intratesticularly. 

2. The primary reaction to intradermal inoculation of syphilitic 
virus was distinctly less marked in females than in males. 

3. Yoimg rabbits react to an intratesticular inoculation of the 
syphilitic virus with a slightly more marked initial lesion than do 
older animals similarly inoculated, apd tend to postpone sli^tly the 
appearance of subsequent generalized lesions, which are less severe in 
character and extent. 

4. Suppression of the initial reaction by excision does not always 
lead to an increased incidence or early appearance of subsequent 
generalized lesions within an observation period of 90 days. 

5. In rabbits inoculated intradermally in which no reaction or only 
a slight reaction developed at the site of inoculation, general invasion 
of the body by the treponemata may take place, as evidenced by posi- 
tive lymph node transfer, although no generalized lesions may be 
observable. 

The experiments reported in this paper were carried out at the sug- 
gestion and under the supervision of Dr. Wade H. Brown. Grateful 
acknowledgement is hereby made to Dr. Brown and to Dr. Louise 
Pearce for their interest and assistance in prosecuting the work. 
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DIFFERENTIATION OF OXYHEMOGLOBINS BY MEANS 
OF MUTUAL SOLUBILITY TESTS. 

By K. LANDSTEINER and M. HEIDELBERGER. 

{From the Laboratories and the Hospital of The Rock^etter Institute for 
Medical Research.) 

(Received for publication, July 6, 1923.) 

In recent papers* the authors were able to show by serological 
tests that hemoglobin exhibits species spedheity to a high degree. 
It seemed of advantage, however, to demonstrate these differences, 
undoubtedly chemical in character, by wme independent method. 

The solubility of an individual protein itself might be taken as a 
criterion of chemical entity, as has been suggested recently by Cohn.* 
As, however, this method requires the attainment of absolute purity, 
aside from the possibility that several substances might have the same 
solubility within the limits of error, another method was sought. 

Of the possibilities whi(^ suggested themselves, a promising one 
seemed the use of the well known fact that the solubilities of sub- 
stances which do not react with each other are additive. As a con- 
sequence it would be expected that if two samples of oxyhemoglobin 
were different each would dissolve in a saturated solution of the other 
as in pure water itself. On the other hand, if two preparations were 
identical, a saturated solution of one would obviously be saturated 
to both. 

As the method used in the present work was a comparative one, 
extreme accuracy was not aimed at. Hence the solubility deter- 
minations were carried out simply at room temperature. 1 cc. 
samples of the solutions were used, and the content in hemoglobin 
was determined by drying to constant weight in vacuo at 40-S0“C. 

* lAndsteiner, K., Verslag Kon. Ahad. van Wetensch. te Amsterdam, 1921, xxix, 
1029. Hdddberger, M., and Landsteiner, K., J. Exp. Med., 1923, xxxviii, 561. 

* Cohn, E. J., J. Gen. Physiol., 1921-22, iv, 697. 
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The prq}arations of o:i^hemo^obm were made according to the 
method recently published by one of us.* * In each case freedom 
from salts was controlled by conductmty measurements, and in 
several instances electrometric pH determinations were run on the 
solutions in order to make certain that the observed solubility dOEects 
were not due to differences in the pH of the solutions. 

As an example of the manipulation used the following e:q>eriment 
(No. 2) is described. 

RecrystaUized horse and dog oxyhemoglobin were used. The 
conductivities of the aqueous solutions were respectively 4.3 X 10~* 
and 2.7 X 10~*. Each oxyhemoglobin in the form of a moist oys- 
talline paste was mixed with water in a tube and shaken mechanically 
f<v I of an hour. That equilibrium was approximatdy attained 
within this period was shown by a determination of the hemo^obin 
in solution, and a comparison of the amount found with the hemo- 
globin content after the next shaking, the latter value being the one 
given at the head of each column in the tables. Usually a slight 
increase was noted. At the end of the period of shaking the tubes 
were centrifuged and the supernatant liquid from each was poured 
in equal parts into two tubes. To one of these was added more of 
the homologous protein, while to the other the oxyhemoglobin of the 
other species was added. The four tubes were now shaken again for 
f hour and centrifuged. In every case before taking the analytical 
samjdes the solutions were filtered through small analytical filters in 
order to hold back any crystal fragments. 1 cc. portions of each 
woe now dried and the residue was weighed. 

The results are given in the following tabulations, in which the 
figures represent the weight of the residue from 1 cc. in gm. In 
eadi case the value after “difference” should approximate that at the 
head of the oi^Kmte column. 


Dog + dog.* 
Dog -f lune. 
Difference. . . 


Experiment 1. 


0.0275 

Horse + horse 

l!ff!Pil 

0.0384 

Horse + dog 

0.0302 

0.0109 

Difference 

0.0222 



* Hddelberger, M., /. Biol. Chem., 1922, liii, 31. 
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Experiment 2. 


Conductivities: horse HbOs 4.3 X 10*^; dog HbOi 2.7 X 10~'. 


Dog + dog 

0.0238 

Horse + horse 

0.0158 

Dog + horse 

.0.0372 

Horse *4“ dog - 

0.0417 

Difference 

0.0134 

Difference 

0.02S9 




■■■■I 


Experiments. 


Dog + dog 

mm 

Horse 4- horse 

0.0151 

Dog + horse 

imi 

Horse 4- doer 

0.0400 

Difference 

Wii 


0.0249 


MHlil 




Experiment 4. 


Conductivities: horse HbOt 3.2 X 10“*; dog HbOj 3.5 X 10“*; guinea pig HbOs 
2.9 X 10“*. 

pH electrometric,* respectively: 6.69, 6.82, 6.76. 


Dog 4* dog 

0.0256 

Horse 4“ horse 

IM 

Dog 4” horse 

0.0356 

Horse 4“ dog 


Difference 

0.0100 

Difference 


Dog 4" dog 

0.0256 

Guinea nig 4* guinea nig 

0.0046 

Doer 4* miineii nil? 

0.0274 

Guinea nig 4* dog 

0.0318 

Difference 

o.ooist 

Difference 

0.0272 

Horse 4* horse 

0.0107 

Guinea pig 4- guinea pig 

0.0046 

Horse 4- miinea mi? 

0.0140 

Guinea pig 4* horse 

lEil 

Difference 

0.0033 

Difference 





lAiiil 


*The writers are indebted to Dr. A. B. Hastings for these deteminations. 
tThat this value is too low is probably due to the fact that, as mmtionfid 
above, saturation was not always complete at the end of the first shaking. This 
would have little iofiuence except in a case such as this, in which the solubility 
of the second type of hemoglobin is much less than that of the first. 


Experiment 5. 

Conductivities: guinea pig 2.8 X 10“*; rat 3.8 X 10“*. 
pH electrometric, respectively: 6.69, 6.95. 


0.0039 

0.0086 

0.0047 


Guinea pig + guinea i^. 

Godnesp^ + nt 

DiSerenoe 


. 0.0040 


. 0.0071 

Rat 4 guinea pig 

. 0.0031 

Difference 
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It will be seen fnaa the above experiments that in four of the 
q>ecies tested, differences betwe^ the ox 3 diemo£^obins were indicated 
by the inorease in the dissolved hemoglobin. This increase was in 
most cases not far from the solubility of the added type of osyhemo- 
g^obin in water alone. It thus appeals that the method is capable 
of bringing to light chemical differences between the oxyhemoglobins 
of not too closely related species. The trial of this procedure in the 
study of other proteins would therefore seem desirable. 

As a control on the method Experiment 6 was performed. In 
this experiment two different lots of horse oxyhemoglobin were com- 
pared as before. As was to be expected the result was negative. 


Experiment 6. 


Comparison of two different prq)arations of horse oxyhemog^bin (I and II). 
Conductivitiea: I 2.2 x 10“®; II 3.3 X 10“®. 


I + I. 
I-HH 



n + n 

11 + 1 



0.0107 

0.0107 


Experiment 7. 


Conductivities: horse HbOi 3.3 X 10“®; donkey 1.5 X 10“®. 


Horae + horae * 

0.0166 

DfiTilrifty + donkey. - . , 


Horse + donkey 

0.0139 

Donkey + horse 


Difference 

-0.0027 

Difference 



In Experiment 7 oxyhemoglobins of two closely related i^edes, 
namely the horse and the donkey, were investigated. This case 
was of i^ied^ interest in that our serological tests indicated so slight 
a dissimilarity as to render difficult a serological differentiation. 
In the present series of experiments, also, this case differed from the 
others, as no addition of solubilities took place. While it would 
seem that the final values were between the solubilities of the two 
prq>arations, too much stress cannot be laid upon this point, as the 
absdute value of the solubility of horse oxyhemoglobin varied in 
the differenT experiments, and the cause of this variation has still 
to be determined. 

Since, from general considerations, identity of the two proteins 
is imiwobable, it would appear that the two oxyhemoglobins bdiave 
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as isomoiphous compounds. It is interesting that such a rdation- 
ship should be found in a case in which the proteins appear com- 
patible in vivo, as is shown by the ability to cross these animals. In 
this connection we must mention the comprehensive work of Reichert 
and Brown* on the crystallography of hemoglobin with respect to 
speeies differences. Its possible bearing upon the point just men- 
tioned has been stated by Loeb.^ 

CONCLUSIONS. 

1. The rule of addition of solubilities is applicable to the differ- 
entiation of the oxyhemoglobins of not too closely related species. 

2. The oxyhemoglobins of the horse, dog, rat, and guinea pig show 
differences when tested by this method. The oxyhemoglobins of 
the donkey and horse show a similarity which is best explained by 
the assumption of isomorphism. 

* Reichert, E. T., and Brown, A P., Carnegie Insl. Washington, Pub. 116, 1909. 

* Loeb, J., Science, 1917, xlv, 191. 




{Reprinted from Coicnss xendus nss sAances de u Soa^ nx bioiogie, Mny 12, 1923, 
Vol. hxzviii, No. 16, pp. 1219-1221.] 


CANCER ET INFECTION RENALE A COCCIDIES CHEZ LA 

SOURIS. 

Pae J. MAISIN. 

(Du laboratoire de biophysique. The Rockefeller Institute for Medical Research, 

New York.) 

Au cours de recherches que j’eSectuais ^ Copenhague, dans le 
laboratoire du P' Fibiger, j’eus I’occasion d’observer l’6t6 dernier, 
dans les reins de Souris spl6nectomis6es et badigeonn6es au goudron 
de bouille depuis 4 mois et plus, des formes parasitaires que j’eus de la 
peine IL identifier. Pour diverges raisons, je dus alors abandonner ces 
recherches. J’ai pu les rejaendre id au Rockefeller Institute, & New 
York, dans les laboratoires du Dr. Murphy. La note pr&ente rdsume 
les premiers resultats. 

Ayant eu I’heureuse fortune de d6couvrir des reins frais, abondam- 
ment parasites, je pus assez aisdnent determiner que j’avais affaire k 
un parasite de la meme esp>fece, sinon le mfime que celui d6crit par Th. 
Smith en 1889 et 1904 (1). Cet auteur a bien d6termin6 une partie 
du cyde de vie de cette coccidie nouvelle, parasitant les cellules des 
tubes rdiaux, il I’a appel6e du nom de Klossiella muris. La description 
qui suit est celle du parasite observ6 par moi; elle diffdre l^g^rement 
de celle de Smith, surtout quant au nombre des sporoblastes-fiUes et k 
celui des sporozoites. Le cyde ordinaire que I’on constate dans le 
rein est le cyde sporul6. Les sporozoites (sporontes), provenant 
probablement du sang, passent il travers les glomerules, tombent 
dans la lumide des tubes r6naux, p6n^trent dans le protoplasme 
des cellules rdnales, et s’y developpent. Ces sporozoites fibres ont 
ime forme arrondie et atteignent k peine, en plein devdoppement, 
le volume d’un globule rouge. Une fois entr6s dans la cdlule, leur 
protoplasme s’agrandit, leur noyau qui, primitivement, fetait reprfisent^ 

(I) T. Smith. Joum. Comp. Med. and Surg., 1889, t. x, p. 211. — T. Smith et 
H.-P. Johnson. Joum. of Exper. Med., 1904, t. vi, p. 303. 
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CANCEK £i mr&cnoN xiNAUs X cocaoiES 


par une minuscule tache de chromatine, se divise en un certain nom- 
bre (6-10) de masses semblables. Le protoplasme se fragmente ^ son 
tour et am^ne la formation d’autant de sporoblastes-filles. Le tout 
r6uni (sporoblastes-mfere) est repr6sent6 par une masse unique 
sph6ro!dale de 30 /n, ou plus, de diamHre, toujours contenue dans la 
cellule rfeale qui I’enveloppe d’une mince bande protoplasmique. A 
ce stade, cette cellule ressemble ordinairement it une massue dont la 
tfite contenant le sporoblaste-mferc ferait hemie dans la lumifere du 
tube contoum6 et le manche, repr^sent6 par un mince p6dicitle proto- 
plasmique, se maintient attach^ a la membrane basale du tube renal. 
Le noyau de cette cellule, fortement aplati, est refoule en un point de 
la p6riph6rie. Bientbt, le noyau de chacun de ces sporoblastes-filles 
se divise X son tour en 10 20 petites masses chromatiqucs, la division 
protoplasmique suit de pres et am^ne la formation d’autant de sporo- 
zoites. Chaque sporoblaste-fille s’entoure alors d’une membrane 
hyaline: dfe lors une spore de 15 n de diamfetre environ est fonn6e. 
Comme chaque sporoblaste-fille doime naissance X une spore, chacun 
des parasites initiaux engendre environ 200 sporozoites nouvcaux. 
Les spores passent dans I’urine et vont probablement, par li, infecter 
d’autres animaux d’une fajon totalement inconnue. AprSs Smith, 
nous avons, de plus, observ6 dans les glom6rules, une forme parasitaire 
dont le r61e est difficile k determiner, mais qui represcnte probable- 
ment le cycle schizogonique. On ne la rencontre que chez les animaux 
trSs fortement infectes. Cette description trop courte est forc6ment 
incomplete et obscure. Nous la publierons ailleurs avec tous les 
details voulus. 

Quoi qu’il en soil, Th. Smith dit n’avoir rencontre ce parasite que 
par hasard, toujours chez des animaux adultes, paraissant normaux et 
ayant cohabite en grand nombre pendant longtemps; il semble nean- 
moins avoir trSs mal reussi a transmettre I’infection par voie digestive. 

Nous I’avons dit, nos propres recherchcs ne sont pas terminees, mais 
nous pouvons signaler dSs k present que Ton rencontre ces parasites 
avec une frequaice remarquable chez les animaux porteurs d’un cancer 
avance et, exceptioimellement, chez des animaux supposes normaux, 
du moins chez ceux que nous avons examines. 

Void quelles sont 1^ proportions exactes d’animaux parasites que 
nous avons observes dans les diverses categories etudiees jusqu’id: 
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Nombre 

d’animaux 

exajmin^s 

Nombre 

d'animaux 

parasites 

Pourcentage. 

Animaux nonnaux d'&ges divers 

90 

2 

2.2 

Animaux porteurs d’un cancer spontane ... 
Animaux porteurs d’un cancer du goudron ayant 

21 

17 

79 9 

donn6 des m^tastases 

2 

2 

Cas trop peu 
nombreux. 

Animaux porteurs d’un cancer du goudron au d^but. 

4 


Cas trop peu 
nombreux. 


Toutes ces recherchcs ont etc faites sur dcs coupes microscopiques de 
reins inclus k la paraffine et dcbites en coupes de 5-10 n d’epaisseur. 
Nous avons employ6 des colorations diverses, la meilleure est Thcma- 
toxyline-erythrosine-safran de Masson. 

Nos investigations continuent dans de nombreuses directions, de 
fagon a essayer de d6tcrminer les conditions favorisant I’infection des 
animaux par ce parasite. Nous communiquerons plus tard nos r6sul- 
tats definitifs. Des a present, sans vouloir aucunement etablir de 
relations de causalite entre la presence de ce parasite dans Ic rein et 
celle d’un cancer en unc partie quelconque du corps, il nous semble 
int6ressant de signaler ce fait curieux que I’etat cancereux d’un in- 
dividu serait un etat specialement favorable au d^veloppement de 
cette coccidic. 








[Reprinted from The Jouenai of Bzolooscax. Cheuxstey, September, 1923, Vol. Mi, 

No. 2, pp. 493-495.] 


A MICRO METHOD FOR THE DETERMINATION OF 
THE HYDROGEN ION CONCENTRATION 
OF WHOLE BLOOD. 

By JAMES A. HAWKINS. 

{From ike Laboratories of The Rockefeller Institute for Medical Research^ 
(Received for publication, July 20, 1923.) 

The electrometric and colorimetric methods for determining the 
blood reaction in use at present require such quantities of blood that 
they are not applicable for use with small laboratory animals. 

The method described below, requiring only small quantities of 
blood, is a sUght modification of the method recently described by 
Cullen,^ 


Experiment. 

30 drops of a 0.03 per cent solution of phenol red are added to 50 cc. of a 0.9 per 
cent solution of sodium chloride and adjusted to pH 7.3. 5 cc. portions of this 
solution are placed in tubes with a diameter of 16 mm. and covered with paraffin 
oil. 

The blood is drawn from the heart or a vein directly into a 1 cc. pipette gradu- 
ated to hundredths, by attaching a needle with a short rubber tube to the pipette. 

The needle and rubber are then detached and 0.25 cc. of the blood is run imder 
the oil into one of the tubes containing the saline indicator solution. The blood 
and solution are thoroughly mixed by stirring carefully with a dean glass rod. 

The tube is centrifuged for 10 minutes, completely throwing down the red 
corpuscles, and is then placed in a comparator block and the pH determined by 
matching to the nearest color standard and applying corrections as described by 
Cullen. The standard color tubes are 16 mm. in diameter and contain 5 cc. of 
Sorenson’s standard phosphate solutions ranging in steps of 0.05 pH from pH 
7.00 to 7.80. 

For the comparison pH determinations were made simultaneously on the same 
sample of blood, using both the above modification and the original method as 
described by Cullen.^ 


^ Cullen, G. E., J. Biol. Ckem.j 1922, lii, SOI. 
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pH 01 WHOLE BLOOD 


Comparison of pH Values as Determined by the Two Methods. 






No. 

Whole blood. 

Pl&sma. 

Deviation. 


Rabbits (arterial blood). 


1 

7.29 

7.29 1 

0.00 

2 

7.29 


-0.01 

3 

7 32 

1 7.34 

-0.02 

4 

7.42 

7.42 

0.00 

5 

7.29 

i 7.31 

-0.02 

6 

7.49 

7.48 

+0.01 

7 

7.32 

i 7.35 

-0.03 

8 

7 S3 

7.53 

0.00 

9 

7.48 

7.50 

-0.02 

10 

7.48 

7.46 

+0.02 

11 

7.41 

7.41 

0.00 

12 

7.46 

7.47 

-0.01 

13 

7 42 

7 42 

0.00 

14 

7.43 

7.41 

+0.02 

15 

7 46 

7.43 

+0.03 

16 

7 45 

7 43 

+0.02 

17 

7.43 

7.41 

+0 02 

18 

7 26 

7.25 

+0.01 

19 

7.33 

7 32 

+0 01 

20 

7 30 

7 29 

+0.01 

21 

7.32 

7 33 

-0.01 

22 ; 

7 33 

7 33 

0 00 

23 

7.31 

7 32 

-0.01 

21 S 

7 32 

7.33 

-0.01 


Rabbits (venous blood) . 


1 

7.29 

7.30 

-0.01 

2 

7.33 

7.33 

0 00 

3 

7,34 


-0 03 

4 

7.3S 



5 

7.32 



6 

7.29 

HBHI 

1 -0.01 


Guinea pigs (arterial blood). 


1 

7.42 

||||||^ni||m 

-0.02 

2 



0.00 

3 



0.00 

4 



-0.03 

5 



0.00 

6 

7 36 

j 7.35 

+0.01 
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Comparison of pH Values as Determined by the Two Methods— Concluded. 


No. 

Whole blood. 

Plasma. 

Deviation. 

Guinea pigs (arterial blood) — Concluded. 

7 

7.31 

7.31 

0.00 

8 

7 37 

7.35 

-f0.02 

9 

7 36 

7 36 

0.00 

10 

7 33 

7.34 

-0.01 


Guinea pigs (venous blood). 


1 

7 38 

7 39 

-0.01 

2 

7 32 

7 34 

-0.02 

3 

7.46 

7 44 

+0.02 

4 

7.49 

7 49 

0.00 

5 

7 32 

7.32 

0.00 


Human (venous blood). 


1 

7 31 

7 34 

-0.03 

2 

7 29 

7 30 

-0.01 

3 

7 35 

7 35 

0.00 


The pH as determined by the two methods agrees in most cases, 
the maximum deviation being 0.03 pH. The values reported above 
were, all obtained at room temperatures between 20 and 24°C. The 
values of the rabbit and human bloods are corrected to electrometric 

pHss") i.e.f pH^g” = pH (o)oi.jn,etnc ^0° 

This method can be used in studying the changes of reaction in 
small laboratory animals during a course of experiments without 
affecting the animals by loss of blood. In addition, the total COj 
content of the blood may also be determined, using 0.2 cc. of the 
excess blood in the pipette, by Van Slyke’s method.* 

SUMMARY. 

A method is described for determining the reaction and the total 
COg content of the blood using 0.6 cc. of the whole blood instead of 
plasma, thus rendering it possible to make repeated observations on 
small laboratory animals. 

* Van Slyke, D. D., Proc. Nat. Acad. Sc., 1921, vii, 229. 









tRq>rinted from The JorsKAi. (»£xPEKaiEtrtAi.MEDiciiiE, November!, 1923,VoLzzzvSi, 
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LOCAL RESISTANCE TO SPONTANEOUS MOUSE CANCER 
INDUCED BY X-RAYS. 

By JAMES B. MURPHY, M.D., JOSEPH MAISIN, M.D., add ERNEST STORM- 
{From the Laboratories of The Rockefeller Institute for Medical Research^ 
(Received for publication, June 27, 1923.) 

Recent experimentation has tended to show that cancer is not so 
sensitive to radiation as earlier observers believed.' Althou^ there 
may be some variation in the amount of x-rays required to Irill various 
transplanted mouse* and rat tumors, the more careful experiments indi- 
cate that the lethal dose is rarely, if ever, within the limits of a thera- 
peutic dose for man. On the other hand, there is no doubt that certain 
forms of cancer are cured by x-rays. 

The recent revival of interest in x-ray therapy, due largely to the 
development of apparatus for generating more penetrating rays, opens 
up anew the question of the mode of action of this agent. If cancer 
is more sensitive to x-rays than normal tissue, as is generally believed 
to be the case, this new development is imquestionably a move in the 
right direction; but there is no substantial experimental basis to uphold 
this belief, and very good evidence to the contrary. Obviously the 
two facts — that cancer cells are not easily killed by x-rays, and yet 
that cancer may be cured by this agent — ^require examination if x-ray 
therapy is to be put on a rational basis and to be developed into a 
more effective form of treatment. 

It has already been shown that x-rays, given over an area of akin in 
an erythema dose, render this area highly resistant to a subsequent 
inoculation with a transplantable cancer.* It is our opinion that this 
increased resistance is due to the fact that x-rays induce in this 

' Hill, E., Morton, J. J., and Witherbee, W. D., J. Exp. Med., 1919, xxix, 89. 

* Wood, F. C., and Prime, F., J. Am. Med. Assn., 1920, Ixxiv, 308. 

• Murphy, Jas. B., Hussey, R. G., Nakahara, W., and Sturm, E . J. Exp. Med., 
1921, xxxiii, 299 
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SPONTANEOUS MOUSE CANCEE 


exposed area a pronounced cellular reaction of the type which under 
other conditions is associated with resistance to cancer. As a trans- 
plantable tumor was used for these experiments, no general deduction 
can be drawn as to the behavior of the spontaneous disease, and there- 
fore it seemed advisable to determine whether the same principle was 
operative under the same experimental conditions when autografts of 
spontaneous cancer were used, thus reproducing conditions more nearly 
comparable to those which exist for the disease as it occurs in man. 

Experiment 1. — A mouse with a spontaneous mammary cancer was operated 
upon with removal of the tumor. With the tumor out, an area on the left flank, 
12 X 15 mm. was exposed to an erythema dose of x-rays, governed by the fol- 
lowing facts: spark-gap 3 inches; milliamperes 10; distance 6 inches; time 2| min- 
utes. Immediately after this treatment a small bit of the original cancer was 
reinoculated intracutaneously in the x-rayed area, and a like graft in the right 
flank, which had been protected from the x-rays (Text-fig. 1). 

Among forty-nine mice with various tj'pes and stages of mammary tumors, 
subjected to this treatment, the graft inoculated in the x-rayed area failed to 
grow in thirty-five of the animals (71.4 per cent), while the graft in the untreated 
area failed in only eight (16.4 per cent) When the graft in the x-rayed area 
grew, it invariably progressed at a much slower rate than the corresponding 
graft in the normal skin, so that at the time of death of the animal it was never 
more than a fraction of the size of the other tumors (Text-fig. 2). 

From these experiments it is evident that the local immimizing 
power of x-rays is just as effective against autografts of spontaneous 
cancers as it is against implants of a transplantable tumor. In this 
experiment, however, as well as in the earlier ones dealing with the 
transplantable tumor, the x-ray treatment at best has prevented a 
take or retarded the subsequent growth of the graft. It is conceivable 
that slightly unfavorable environmental conditions, insufficient to 
influence an established tiunor, might be sufficient to prevent the take 
of a graft in which presumably the tumor cells are at a disadvantage. 
Will the conditions induced by x-rays be sufficiently unfavorable to 
influence an established tumor in the skin? The following experiment 
was outlined to answer this question, and also, by way of comparison, 
to test the direct action of x-rays on the cancer cells. 

Experiment 2. — A mouse with spontaneous cancer was operated on with removal 
of the tmnor. The tumor was then divided into two parts, and one of these 
subjected to an erythema dose of x-rays in vitro. (Spark-gap 3 inches; mili- 



Spontaneous tumor mice 
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Results of replants of spontaneous cancer 

X-p^area 

Nopmalapea 

X-payedarea Normal area 

No. 



No. 



1 

— 

• 

25 

— 

# 

2 

- 

f 

26 

- 

- 

3 

# 

# 

27 

- 

- 

4 

- 

- 

28 

# 

• 

5 

- 


29 

- 

# 

6 

- 

• 

30 

- 

• 

7 

- 

# 

31 

- 

P 

8 

• 

0 

32 

- 

• 

9 

- 


33 

• 

# 

10 

•? 

• 

34 

# 

• 

11 

# 

# 

35 


i 

12 

- 

0 

36 

- 


13 

- 

- 

37 

- 

- 

14 

• 

# 

38 

€• 

P 

15 

- 

0 

39 

• 

0 

16 

- 

0 * 

40 

- 

0 

17 

- 

0 

41 

- 

0 

18 

# 

0 

42 

- 

P 

19 

- 

0 

43 

- 

0 

20 

- 

# 

44 

- 

0 

21 

# 


45 

- 

- 

22 

- 

- 

46 

- 

# 

23 


0 

47 

* 


24 

•? 

• 

48 

- 

• 




49 

- 

f 


Text-Fio. 2. 
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Autografta of spontaneous cancer 
5 to 7 weeks after transplantation 


x-rayed tn situ 
10 days after 
jjQ inocolatjon 

50 


51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


X-rayed m 

Vitro tef&re 
inoculation 


-7 


0 

9 

A 

% 

4 

« 


0 

# 


No 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 
87 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 


X-rayedmalu X-reycdm 
10 days after vitro bcfbrc 
inoculation inoculation 


0 

4 

0 


0 

0 

m 


"I'ext-Fig. 4. 
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amperes 10; distance 6 inches; time 2i minutes; no filter.) A small bit of this 
portion of the tumor, taken from the surface nearest the x-ray tube, was inoculated 
intracutaneously in the right flank of the original animal.^ A graft of similar 
size from the untreated portion of the tumor was inoculated in the same way in 
the left flank (Text-fig. 3). 

In the fifty mice subjected to this experiment, the grafts from the cancer 
x-rayed outside the body, with perhaps two exceptions, grew as rapidly as the 
untreated cancer, and in many cases more rapidly. After about 10 days, some- 
times longer, when the new tumors had become established, the one which origi- 
nated from the untreated graft was given the same dose of x-rays in sitUf which 
the other tumor had received in vitroj the treatment including the surrounding 
normal skin as well as the tumor. This was followed by a prompt disappearance 
of the txunor in thirty-eight of the fifty animals (76 per cent) so treated, whereas 
the grafts from the portion of tumor x-rayed in vitro continued to grow in forty- 
seven of the fifty mice, failing in only three (6 per cent). In the twelve instances 
in which the tumor x-rayed in situ did not disappear after treatment, without 
exception it grew at a slower rate than the other tumor arising from the graft 
which had been x-rayed in vitro (Text-fig. 4). 

There seems little doubt from the results of this experiment that 
a treatment dose of x-rays fails to have any appreciable direct effect on 
the cancer cells, yet the same dose given to a growing cancer together 
with the surrounding normal tissue brings about healing in a majority 
of cases. 

There is still another point to be considered. Is it possible that 
tumors x-rayed in situ are more sensitive than those exposed in vitrot 

Experiment 3 , — As in the previous experiments, a spontaneous mouse tumor 
was removed at operation, and without treatment either to the tumor or the 
animal, small bits of the tumor were reinoculatcd intradennally in both flanks. 
After the resultant tumors were well established and growing actively, one of 
them was exposed in situ to the same dose of x-rays as that used in the preceding 
experiment. After the treatment this tumor was removed and again reinoculated 
into an unrayed area of the same animal. Forty-seven mice with spontaneous 
cancer received this treatment and in thirty-seven (78.8 per cent) instances the 
x-rayed tumor grew well in its new location. 

It would seem therefore that there is no increased susceptibility of 
tumor cells to x-rays when treated in situ, and that tumor treated in 

* With the quality of x-rays used here the increased dosage due to scattering 
would be theoretically as great in the locality from which the graft was taken as 
in a tumor of the surface layers of an animal exposed to the same initial dosage. 
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sudi a fashion, when removed from the unfavorable environment 
induced b}r the z-tays, will grow actively when rq>lanted in a new 
location on the same anhnaL 


niscussiOK. 

The fact that a large proportion of certain forms of skin cancer 
yield to z-iay and radium treatment is one of the chief supports 
for the belief that the malignant cell is more susceptible to radiation 
than normal tissue. An attempt has been made in the experi- 
ments reported here to analyze the mechanism by which x-rays 
affect the tumor lying within the skin layers. The extent to which 
(me is justified in assuming similarities between the behavior of 
tissue in man and lower forms of animals is still a question, but there 
m little doubt that spontaneous cancer as it occurs in animals closely 
resembles the disease in man. It is evident frcmi our experiments that, 
as far as mouse cancer is concerned, the beneficial result from x-ray 
therapy is due to the reaction in the normal tissues induced by the 
rays, not to any direct effect on the cancer cells. That this point, 
first brou^t out with a transplantable tmnor, and now confirmed for 
the spontaneous disease, may hold true for hmnan cancer is not improb- 
able. Statements by Ewing,* based on a careful study of human 
material, indicate that the reaction induced in the surrounding normal 
tissues by x-rays or radium is of as great importance as we have shown 
it to be in animals. In a recent address he makes the following state- 
ments. “It is clear that the reaction of the tissues is an essential 
factor in the curative process. Under some circumstances, when this 
reaction fails, no amount of radiation succeeds in killing the tiunor 
cells .... the most detailed knowledge we possess indicates clearly 
that the curative action is not the result of a direct effect exclusively 
upon the tumor cells, but involves especially a peculiar reaction of the 
normal or invaded tissues.” 

Whether the beneficial results from the use of high frequency x-rays 
dq)end on the same factors is a point as yet imdetermined; but this 
seems not improbable, since the maximum amount of x-rays suppos- 
edly delivered to the deep tumors in such treatment is well below the 


* Ewing, J., Am. J. Roentgenol., 1922, iz, 331. 
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experimentally established lethal dose for cancer cells. The wave 
length of the rays used in deep therapy is shorter than that of those 
previously used, yet longer than the gamma rays of radium. Since 
both the relatively long x-ray waves and the short waves of the gamma 
ray in all probability influence cancer through the reaction induced in 
the normal tissue, it is not unreasonable to expect that the hig^ 
frequency x-rays will eventually be found to act in the same way. 

smoiAEY. 

Autografts from spontaneous cancers of mice when replanted into 
areas previously exposed to an erythema dose of x-rays, failed to grow 
in the majority of instances (71.4 per cent), while s imilar grafts 
inoculated into untreated areas grew in a large proportion of the 
animals (83.6 per cent). 

Autografts of spontaneous cancer, established and growing in the 
skin, disappeared in 76 per cent of animals after the tiunor and 
surrounding tissues had been exposed to an erythema dose of x-rays, 
whereas other autografts of similar derivation that had been given a 
like dose of x-rays outside of the body and had been implanted in the 
same animals grew progressively in 96 per cent of instances. That this 
result was not due to a greater susceptibility of the cancer cells x-rayed 
in situ was shown by the fact that tumors treated in situ with x-rays 
and then replanted in an unrayed location on the same animal grew 
actively. Evidently the ray had done no direct damage to the cancer 
cells. 




[Reprinted from The Johenal of Biological Cheuist&y, September, 1923, Vol. Ivii, 

No. 2, pp. 317-318.] 


ON THE PREPARATION OF DIACETONE GLUCOSE. 

By P. a. LEVENE and G. M. MEYER. 

{Prom the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, July 9, 1923.) 

Diacetone glucose serves as starting material for the preparation 
of many partially substituted sugars. The details of its preparation 
have been repeatedly undergoing modification. Originally, ordinary 
o-glucose served for its preparation. The process, however, was 
very laborious and the yield was rather small for the reason that, 
prior to condensing with acetone, the sugar was converted into its 
methylacctal, as the a-glucose itself was supposedly too insoluble to 
react with acetone. Fischer therefore .suggested the use of /8-glucose, 
the more soluble form of this sugar, for condensation with acetone. 
The use of absolutely dry and alcohol-free acetone was also urged for 
the preparation of diacetonc glucose. 

Since we were in need of comparatively large quantities of the 
condensation product, we resolved to make a new attempt to prepare 
diacetone glucose from the a isomer. As will be seen from Table I 
diacetonc glucose can be advantageously prepared from this isomer. 
It is true that the yield of diacetonc glucose per unit weight of the 
employed sugar is at a maximum when the conditions of Fischer are 
observed; namely, when j8-glucose and pure dry acetone are employed 
for the reaction. If, however, economy of time is considered, then 
per unit time, more product is obtained when diacetone is made from 
the common form of glucose even with ordinary commercial acetone, 
and surely when ])ure and dry acetone is employed. From the view 
of the cost of materials per unit weight of the diactone glucose obtained 
and from the view-point of purity of the resulting material, no one 
method offers any advantage over the other. 

In the course of preparation of diacteone glucose, there always 
remains a residue. Fischer and Rund* mentioned this fact in describ- 

* Fischer, E., and Rund, C., Ber. chem. Ges., 1916, xlix, 93. 
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ing the method of preparation from /3-glucose. They stated that the 
residue consisted of tie a isomer. In our eiqperience, however, the 
residue consisted of the original form used for condensation. This is 
important to bear in mind when one is inclined to use the /3 form for 
the preparation of diacetone glucose, for the reason that the residue 
can be reemployed. 


TABLE I. 


Sugar in 100 gm. lots. 

Acetone. ^ 

Residtie. 

Diacetone yield. 

Average yield. 



gm. 

gm. 

gm. 

i^-glucose. 

Anhydrous. 

42 

56 

55 



42 

55 


o-glucoae. 

it 

60 

39 

36 



62 

34 


/^-glucose. 

Ordinary. 

49 

45 

42 



56 

39 


a-glucose. 

(4 

73 

26 

25 



68 

24 



On one recrystallization from petroleum ether the substances by every process 
melted at 110°C. 












[Rqninted from Ite Jothhal ov Biolckhcai Cssiasm, Sqptosber, 1923, Vd. Mi, 

No. 2, pp. 319-322.] 


ON MONOACETONE BENZYLIDENE GLUCOSE. 

By P. a. LEVENE akd G. M. MEYER. 

{From the Laboratories of The Rockefeller InsHtute for Medical Research.) 

(Received for publication, July 9, 1923.) 

In a previous publication,^ it was reported that two different 
phosphoric esters of glucose were obtained depending upon the sugar 
derivative used for condensation with phosphorus oxychloride. In 
the substance obtained from diacetone glucose, the phosphoric add 
radide seemed to be attached to one of the carbon atoms other than 
1 and 6. In the product obtained from monoacetone monobenzyl- 
idene glucose, the phosphoric add radicle was more firmly attached 
to the sugar molecule and from this it could be conduded that it was 
linked to carbon atom 6. Two alternative explanations could be 
given to this observation. Either diacetone glucose and monoacetone 
benzylidene glucose have their free hydroxyl in a different position, 
or, in monoacetone benzylidene glucose, the hydroxyl in position 6 
is set free before the benzaldehyde radicle is completely liberated 
(possibly the benzaldehyde radide migrates from positions S and 6 
to others). The structure of diacetone glucose has been recently 
explained through the work of Karrer and Hurwitz,* Levene and 
Meyer,' and Freudenberg and Brauns.* It was then necessary to 
correlate the structure of monoacetone benzylidene glucose with that 
of diacetone glucose. This was accomplished. It was found that 
the two derivatives gave the identical monoacetone benzoyl glucose. 
Also, the same monomethyl glucose was obtained from diacetone 
glucose and from monoacetone benzylidene glucose. The two 
samples of monomethyl glucose had the same optical rotations and 
the same melting points. On oxidation, the monomethyl glucose 

' Levene, P. A., and Meyer, G. M., J. Biol. Ckem,, 1922, liu, 431. 

* Karrer, P., and Hurwitz, 0., Helvetica Chim. Acta, 1921, iv, 728. 

* Levene, P. A., and Meyer, G. M., /. Biol. Chem., 1922, liv, 805. 

* Freudenberg, K., and Brauns, F., Ber. chem. Ges., 1922, Iv, 3233. 
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from monoacetone benzylidene glucose gave a crystalline product as 
did the monomethyl glucose prepared from diacetone glucose. Unfor- 
tunately, the supply of monoacetone benzylidene glucose was very 
small. The substance is much more difficult to prepare than diace- 
tone glucose and the yield of methylsaccharicanhydride was too 
small for analysis. However, the melting point was at 207°C., which 
is identical with that of 1.4-anhydro-3-methylsaccharic acid. Thus, 
the evidence adduced is sufficient to assume for monoacetone benzyl- 
idene glucose a structure analogous to that of diacetone glucose, and 
is to be regarded as l,2-acetone-5,6-benzylidene glucose. 

EXPERIMENTAL. 

Monoacetone Benzylidene Glucose. — The method for preparing this 
substance as previously described by us was slightly modified. 

50 gm. of monoacetone glucose were heated with 300 cc. of freshly 
distilled benzaldehyde and 100 gm. of anhydrous sodium sulfate in an 
oil bath at 170° for 5 hours. The reaction product was filtered from 
the sodium sulfate while still hot and concentrated under diminished 
pressure at 130°C. (oil bath temperature). The product was cooled 
and poured into 1,000 cc. of cold petroleum ether, 30- -60°. A sticky 
mass which solidified on stirring settled out. This broAvnish mass 
was washed several times with cold petroleum ether and subse- 
quently with a small quantity of ether, and then filtered. A prac- 
tically colorless substance was obtained. It was recrystallized 
several times from 95 per cent alcohol and decolorized with norit. 
The petroleum ether solutions were concentrated and an additional 
jdeld of crude material was obtained in this manner. It was recrys- 
tallized from 95 per cent alcohol. The pure substance melted at 144° 
and analyzed as follows: 

0.1052 gm. substance: 0.2408 gm. CO 2 and 0.0618 gm. H 2 O. 

CjeHioOf. Calculated. C 62.30, H 6.54. 

Found. “ 62.42, “ 6.58. 

Methyl Benzylidene Glucose and Its Hydrolysis to Methyl Glucose . — 
15 gm. of monoacetone benzyUdene glucose were methylated with an 
excess of dimethyl sulfate and 30 per cent sodium hydroxide at 70° 
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(water bath temperature). The reaction product was extracted with 
chloroform and dried with anhydrous sodium sulfate. The chloroform 
was removed under diminished pressure, llie syrup which remained 
was hydrolyzed. 

For this purpose, it was dissolved in 75 cc. of 50 per cent alcohol, 
containing 0.4 per cent of hydrochloric acid, and heated in boiling 
water with reflux for 70 minutes. The solution was cooled and the 
hydrochloric acid removed with silver carbonate. The solution was 
then treated with hydrogen sulfide, filtered, decolorized with norit, 
and concentrated to a syrup under diminished pressure. The residue 
was taken up in absolute alcohol and again evaporated to dryness in 
order to remove traces of water. This operation was repeated 
several times. The syrup was then taken up in warm methyl alcohol 
and allowed to stand in a desiccator over sulfuric acid. On standing, 
crystals of methyl glucose separated. These had the following 
optical rotations in water. 


Initial 

+ 1.03" X 100 _ 

K “ — lYi — 

The substance melted at 15(S-157'’C. 


Tinal. 

. + 0 57" X 100 

[«iu = — 1-5^1 — 


57* 


Oxidation of Methyl G/j/rosc.— 0.450 gm. of the sugar was dissolved 
in 25 cc. of 50 i)er cent nitric acid, allowed to stand at room tem- 
perature for 42 hours, and then evaporated in a clock-glass on a 
boiling water bath, as described in a previous publication.* The 
residue was taken up in a mixture of ether and acetone. The solution 
was filtered and allowed to c\’a]>orate spontaneously. A small 
crystalline deposit formed. It was filtered and washed with a mixture 
of acetone and ether. The crystals darkened at 190° and melted 
at 207°C. 

Monoacelonc Benzoyl Glucose.— gm. of monoacetone benzylidene 
glucose were added to a solution of 15 cc. of pyridine and 7.5 of 
benzoyl chloride. The temperature rose slightly and all the sugar 
dissolved. No pyridine hydrochloride separated and the solution 
was kept at 45° for 24 hours. The product was then dissolved in 
chloroform and washed with very dilute sulfuric acid, dilute sodium 
bicarbonate, and water. The cliloroform solution was dried with 
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anhydrous sodium sulfate and concentrated under diminished pressure 
to a very small volume and poured into an excess of petroleum ether. 
A crystalline product was obtained which was recrystallized from 
methyl alcohol. This melted at 198°. Mixed with monoacetone 
benzoyl glucose obtained from diacetone ^ucose, it melted at the 
same temp^ture. The substance analyzed as follows: 

0.1038 gm. substance: 0.2262 gm. CO 3 and 9.060 gm. HiO. 

CuHmOt. Calculated. C 59.23, H 6.22. 

Found. “ 59.42, “ 6.55. 



[Rqninted from The Jouimal or Bioiogicai. Cmoasny, Sq>teinber, 1923, VoL Mi, 
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ON EPICHITOSAMINE PENTACETATE. 

Bv P. A. LEVENE. 

{JFrom the Laboratories oj The Rockefeller Institute for Medical Research^ 
(Received for publication, July 9, 1923.) 

The configuration of carbon atom 2 in nitrogenous sugars and their 
corresponding sugar acids remains a matter of speculation. In a 
previous publication^ some analogies between chitosaminic and 
mannonic adds and between chondrosaminic and talonic adds were 
pointed out. Thus, on the basis of these analogies, one could sur- 
mise that chitosamine had the configuration of 2-aminQmannose 
and chondrosamine that of 2-aminotalose. Very recently however, 
Irvine and Earl* have pointed out that the difference between the 
molecular rotations of the a and d isomers of glucosamine was identical 
with the difference between the glucoses and therefore conduded that 
chitosamine had the configuration of glucosamine. It cannot be 
denied that the argument of Irvine and Earl may be correct. The 
possibility that chitosamine may have the configuration of 2-amino- 
^ucose was never denied. The theory, however, is in need of further 
proof. The properties of glucose and of chitosamine which Irvine 
compares are those assodated with the properties of carbon atom 1. 
In glucose and in chitosamine, carbon atom 1 functions regularly; 
in mannose, it functions irregularly. To this argmnent of Irvine 
and Earl may be added the fact that carbon atom 1 in epichitosamine 
hydrochloride, similarly to mannose, functions irregularly. Thus, on 
the basis of the conduct of carbon atcmi 1, one might be justified in 
grouping chitosamine with glucose and epichitosamine with mannose. 
However, it is not exduded that in the nitrogenous sugars carbon 
atom 1 functions differently than in ordinary sugars. Levene and 

‘Levcne, P. A., Hexosamines, their derivatives, and mucins and mucoids, 
Monograph of The Rockefeller Institute for Medical Research, No. 18, New 
York, 1922. 

* Irvine, J. C., and Earl, J. C., J, Chem. Soc., 1922, cxzi, 2376. 
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Meyer* have already described a peculiar behavior of this carbon 
atom in the epiglucosamine of Fischer, Bergmann, and Schotte. In 
the present paper, we wish to point out another unusual peculiarity. 
Both in a sugar and in a sugar acid, the direction of the rotation of 
carbon atom 2 may be determined either from the rotations of a pair 
of epimeric monocarboxylic sugar acids, or from the rotations of the 
a and jS forms of the epimeric sugars. Taking glucose and mannose, 
it is possible to determine the rotation of carbon atom 2 from the 
rotations of the salts, amides, or phenylhydrazidcs of gluconic and 
mannonic acids. It is also possible to determine it from the values 
of the rotations of the a and jS forms of glucose and mannose. Desig- 
nating in each sugar the group of carbon atom \ hy A, that of carbon 
atom 2 by B, and the remaining part of the molecule by C, one 
may represent the molecular rotation of glucose by the equation 
A A-B+C = m and that of mannose hyAi — B+C=n. When the molec- 
ular rotations of the sugars and of the carbon atoms 1 are known, 
the directions and the values of B can be readily determined from 
the equations {A-\-B+C) — {Ai—B-\-C) = m — n and (.4-fjS-|-0 
-f {Ai—BA-C) = m-\-n. In the system glucose and mannose either 
one of the two methods gives the direction to the right for carbon 
atom 2 of glucose and to the left for carbon atom 2 of mannose. The 
same result is obtained when, instead of glucose and mannose, the 
pentacetates arc used for calculation. 

In the system chitosamine and epichitosamine one encounters a 
deviation from the rule. From the system chitosaminic and epichi- 
tosaminic acids carbon atom 2 is found to rotate to the left in chito- 
saminic and to the right in epichitosaminic acid. When the direction 
of the rotation of carbon atom 2 is determined from the values of the 
molecular rotations of chitosamine and epichitosamine, it is found 
that carbon atom 2 rotates to the left in epichitosamine and to the 
right in chitosamine. It is hardly probable that in the process of 
oxidation of a sugar to the corresponding monocarboxylic acid, the 
configuration of carbon atom 2 undergoes a change. Since a sugar 
and its monocarboxylic acid differ only by the character of carbon 
atom 1, it is more logical to assume that the differences in the direction 

* Levene, P. A., and Meyer, G. M., J. Biol. Chem,, 1923, Iv, 221. 
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of the rotations of the two carbon atoms 2 are brought about by 
differences in the structure of the carbon atoms 1. The condition is 
somewhat analogous to that of /-aspartic acid and its ester. The 
acid rotates to the right, whereas the ester rotates to the left. Thus, 
the task of settling the problem of allocation of the amino group in 
nitrogenous sugars is becoming rather more complicated than sim- 
plified. One is tempted to accej)! for chitosamine the configuration 
of 2-aminoglucose and for cpichitosaminc that of 2-aminomannose, 
inasmuch as the a and /3 isomers of chitosamine and glucose behave 
normally, and the corresponding forms of epichitosamine and 
mann<^se have an abnormal behavior. However, if this conclusion 
were accepted the case of (‘pichitose would be puzzling. Epichitose, 
which has the structure of 2,5-anhydroglucose, resembles epichi- 
tosamine in regard to the function of its carbon atom 1 . Both these 
sugars show no mutarotation and both possess levo-rotation. Thus, 
if one takes glucose for a standard of comparison, one may arrive 
with Irvine and Earl at the conclusion that chitosamine has the 
structure of 2-aminoglucosc. On the other hand, taking 2,5 anhy- 
droglucose as the standard, the conclusion may be reached that 
epichitosamine has the structure of 2-aminoglucose. 

In the present communication, data are given for the determi- 
nation of the direction of the rotation of carbon atom 2 in chitosamine 
and in epichitosamine. Chitosamine hydrochloride was fractionated 
by Irvdne and Earl into the a and isomers. Epichitosamine showed 
no mutarotation, and its specific rotation was very low. Because of 
these properties, it was uncertain whether epichitosamine had the 
glucosidic or the ordinary aldehydic structure. On the other hand, 
since the substance was levo-rotatory, it was thought that it might 
consist primarily of the |8 form, if it had the glucosidic structure. In 
view of the scarcity of the material, it was thought advantageous to 
prepare the pcntacetatc. 

Regarding the pentacedates, ex})erience has shown that in the d 
series, the fi i^><'n ers are transformed into the a forms to the extent 
of not less than 90 ])er cent by heating in acetic anhydride containing 
zinc chloride. In the / series, the reaction is reversed. /3-Epichi- 
tosamine pentacetate was prepared and was found to have a molecular 
rotation of —3,890° in acetic anhydride. This form is to be regarded 
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as the ^ isomer. The a form had a molecular rotation of not less 
than +19,450®. Hence, the difference of the rotations of the two 
isomers was not less than +23,340®. 

From the equation [d + (db 5) + C] - [di+ (=FJJ) +C1 » i» - » 
(substituting for A its value + 17,965, for Ai the value — 12,643, 
for m its value 36,400, and for n the value —3,890) it follows that 
B dz 4,841; from the sum of factors of the same equation C >» 
+ 13,594. Substituting these values, respectively, iu equation A + 
(± B) + C=» 36,400 and in equation di + (T B) + C « — 3,890, 
a positive value is obtained for B (carbon atom 2) of chitosamine 
and a negative value for epichitosamine. 


EXPEEIMENTAL PART. 


Several lots of epichitosamine hydrochloride, each of 5.0 gm., were 
taken up in 27.0 cc. of acetic anhydride and 27.0 cc. of pyridine and 
allowed to stand 24 hours at 37°C. and 24 hours at room temperature. 
The reaction product was transferred into a mixture of ice and water 
and the pentacetate shaken out with chloroform. The chloroform 
solution was washed with water, dilute mineral acid, then with a 
cold solution of sodium bicarbonate add, and finally with water. 
The diloroform solution was dried over anhydrous sodium sulfate 
and concentrated to dryness. The residue was dissolved in alcohol 
and evaporated to dr 3 aiess. This operation was repeated several 
times. The final residue was crystallized from alcohol. For analysis, 
it was recrystallized from alcohol. The long white needles melted at 
158-159®C. (corrected) and analyzed as follows: 

0.1989 gm. substance: (Ejeldahl) 5.25 cc. 0.1 n acid. 

0.1068 “ “ : 0.1934 gm.COs and 0.0600 gm.HjO. 

C,H»NOi(CaCO)^ CalcuUted. C 49.49, H 5.96, N 3 60. 

Found. “ 49.38, “ 6.28, “ 3.69. 

The rotation of the substance in chloroform was: 


[«C 


- 0.54“ X 100^ 

1X3 “ *** 


Cowearsion of the /3 inio the a Isomer.— A. 3 per cent solution of the 
pentacetate in acetic anhydride, containing 1 per cent of zinc chloride. 
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was kept in a thennostat at 40°C. and the rotation of the solution 
measured at intervals. The initial rotation was —0.30* in a 100 mm. 
tube. The solution reached an equilibrium after 120 hours and then 
had a rotation of +1.45*. In a second experiment, a 3 per cent 
solution of the substance was made in acetic anhydride, containing 
3 per cent of zinc chloride, and the solution was refluxed on a boiling 
water bath. The initial rotation was +0.30° in a 100 mm. tube, and 
after 20 minutes the rotation was +1.50°. It was not possible to 
make further readings as the solution darkened. 




[Reprinted from The Jookmal oe Biolooicai. Cheuisixt, September, 1923, Vol. Ivii, 

No. 2. pp. 329-336.] 


PREPARATION OF a-MANNOSE. 

By P. a. LEVeNE. 

{From the Laboratories of The Rockefeller InstiMe for Medical Research.) 

(Received for publication, July 9, 1923.) 

Mannose has been prepared only in the form of its 0 isomer with a 
specific rotation of —17°. The specific rotation of the a form was 
obtained indirectly by Hudson and Yanovsky^ and was found to be 
-t-34 or -|-35°. The difference of the specific rotations was, therefore, 
-|-52°, whereas in the case of the two glucoses, it is -|-94°. The value 
for the two mannoses is exceptional. A value of the same magnitude 
was observed in the case of only two other sugars; namely, lyxose 
and rhamnose. Mannose occupies an exceptional position in other 
respects. The ratio of the initial and final solubilities of 0-mannose 
in 80 per cent ethyl alcohol and in methyl alcohol is 1:5 and 1:5.6, 
respectively, and in that of the glucoses and of the galactoses, it is 
approximately 1:2. Also, it is peculiar that the difference of the 
specific rotations of two mannoses is equal to only 55 per cent of that 
of the two glucoses, whereas in the case of the pentacetates, the value 
of the difference is 80 per cent of that of the glucoses. In fact, the 
difference of the molecular rotations of the pentacetates of the man- 
noses (31,000) is very near to that of the galactoses (32,700). Because 
of the abnormal behavior of mannose and because this behavior has 
been made the basis of a theory of the structure of chitosamine,* it 
seemed desirable to prepare the unknown isomer of mannose. This 
has now been accomplished. 

In the process of its preparation, another abnormality of mannose 
came to light. Under conditions when ^ucose and galactose appear 
in the 0 form, mannose crystallizes in the a form and vice versa. For 
glucose there exist two convenient methods for the preparation of the 

^Hudson, C. S., and Yanovsky, E., /. Am. Chem. Soc., 1917, xxxix, 1013. 

* Irvine, J. C., and Earl, J. C., J. Chem. Soc., 1922, exxi, 2376. 
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0 isomer. The one is that of Behrend,* which consists in crystallizing 
^ucose from a pyfidine solution, the other is that of Hudson and 
Dale,^ and consists in crystallizing glucose from hot facial acetic 
add and alcohol. A third much simpler and more economical 
method was discovered in the course of this work; namely, crys- 
tallization from aqueous ammonia and alcohol. Both glucose and 
galactose crystallize under this simple condition in the 0 form. 
Under all these three conditions, mannose crystallizes in the a form. 
This observation suggested the possibility that the configuration 
of the carbon atom 1 in /3-glucose was the same as in a-man- 
nose; namely, that the hydroxyl in both was to the right. Against 
such an assumption mihtates the behavior of their pentacetates. It 
is known that pentacetates of sugars may be transformed into the 
isomeric forms by warming them in a solution of acetic anhydride 
containing zinc chloride. A scrutiny of all the known instances of 
transformation of pentacetates reveals the fact that in the d series, 
the 0 isomers are transformed into the a isomers, to the extent of over 
90 per cent, whereas the transformation of the « form is minimal. 
In other words, in a solution of acetic anhydride and zinc chloride, 
the equilibrium mixture consists almost entirely of the a isomer. In 
the I series, the equilibrium is reversed. In this respect, the conduct 
of mannose conforms to all other known sugars. Hence, one may 
assmne that the position of the hydroxyl on the carbon atom 1 in 
a- and /8-mannose is the same as in the corresponding form of other 
simple sugars. 

The specific rotation for a-mannose was found + 30° in water and 
-f35° in 80 per cent alcohol. This value is in complete agreement 
with the value calciJated by Hudson and Yanovsky. Furthermore, 
the possession of the two forms permitted the establishment of the 
fact that the form with the specific rotation of —17° was free from 
the a form, and the mannose with a specific rotation -f 35° was free 
from the 0 form. This conclusion was reached on the comparison of 
the solubilities of the a and 0 isomers separately and of a mixture of 
the two isomers. The solubility of the mixture was equal to the 

*Bdirend, R., Am. Ckem., 1907, cccliii, 106. 

* Hudson, C. S., and Dale, J. K., J. Am. Ckem. Soc., 1917, xxxix, 325. 
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sum of the solubilities of each of the isomers sejj^tely. Further- 
more, from the initial and final solubilities of the a isomer, the specific 
rotation of the 0 form is calculated —16.5°. Hudson and Yanovsky 
find for the same form in 80 per cent alcohol — 14.9°. The rotation 
of our pure a form was slightly higher. The differences are, however, 
within the limits of possible error. The evidence thus far adduced 
supports the view that the mannose with the specific rotation of 4-35° 
is the pure a isomer. However, mannose with the specific rotation 
of -1-35° may still contain a third isomer and yet on the basis of its 
initial and final solubility, it may give the correct value for the specific 
rotation of the 0 isomer and also give a combined solubility of the 
two forms as if they were pure a and 0 isomers. 

A sufficient proof of the purity of each form should be based on 
the following considerations. It was shown independently by 
Hudson® and by Lowry® that mutarotation is a balanced reaction which 
follows the monomolecular form of the mass law and can be expressed 
by the equation 

ki + kt = -j-log — !f 

and, furthermore, that the rate of transformation of each form into the 
other can be measured from the rate of their maximum solubilities 
by the equation ki (when the a form is considered) or k 2 (when the 0 

1 5 

form is under consideration) = --log-rr — ^ (5 stands for solubility). 

On the basis of these equations, it is possible, on the one hand, to 
determine the sum of ki 4^2 (from the mutarotation of either one 
of the two isomers) and, on the other hand, ki and kt independently 
(from the rate of solubilities of each). Hence, the sum of ki and kt 
obtained independently should be equal to ki -f k 2 obtained on the 
basis of mutarotation. It was intended to apply this test for the 
purpose of establishing the purity of the mannose with the specific 
rotation of 4-35° (in 80 per cent alcohol). It was sxuprising, how- 
ever, to find that the value of (ki + ^j) measured on the a form 
differed from that measured on the 0 form. The measurements 

* Hudson, C. S., J. Am. Chm. Soc., 1904, xxvi, 1065. 

• Lowry, T. M., J. Chem. Soc., 1904, Ixxxv, 1551. 
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were made in 80 per cent alcohol at several temperatures. In 
order to control the accuracy of our measurements, the mutaro- 
tations of a- and /3-glucoses in solutions of 60 and 80 per cent 
ethyl alcohol were measmed and foimd identical within the limits 
of error. Taking as a standard of comparison the coefficient at 
12.5®C. it was of the order of magnitude of 0.00150 for the jS 
form (recalculated for 20°C. it is 0.00333; this is in close agree- 
ment with the value of 0.00363 foimd by Hudson and Yanovsky), 
whereas the isomer gave the value for ki 0.00240 (recalculated 
for 20°C. =0.00533). One must add, however, that the entire range 
of change of the « form from the initial to final is rather small, so 
that only few measurements can be relied upon for calculating the 
velocity coefficient. However, since the difference between the two 
coefficients was constant, it may be regarded as real. It is important 
to compare their velocity coefficients in water. These, however, can 
be measured only at lower temperatures inasmuch as the a-mannose 
solution reaches equilibrium very rapidly. In view of the atmos- 
pheric humidity during the spring and summer months, this e^qteri- 
ment has to be postponed until the winter. For the present, 
therefore, the possibility is not excluded that the mannose with a 
specific rotation of -f35° (in a solution of 80 per cent alcohol) contains 
in addition to the a form still a third form. 

This assumption may explain the fact that in the equilibrium 
mixture in 80 per cent alcohol and in methyl alcohol, the li fonn of 
mannose comprises only 18 per cent of the total, whereas in the cases 
of ^ucose and galactose, it comprises practically 50 per cent. It 
would also explain the fact that the value of the difference of the 
molecular rotations of the a- and /3-mannoses is only 40 per cent of 
the normal value, whereas in the case of pentacetates, the value is 
80 per cent of the normal. 

SUUMARY. 

1. A form of mannose was prepared which had a specific rotation 
of -f 30° in watcT and -|-35° in 80 per cent alcohol. 

2. This form has the specific rotation calculated for a-mannose. 

3. The conditions which lead to the formation of a-mannose are the 
same which lead to the formation of /3-glucose and /9-galactose. 
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4. The configuration of the carbon atom 1 in the a and /3 isomers, 
respectively, in glucose, galactose, and mannose is identical. 

5. It is possible that the mannose with the specific rotation of +35® 
contains besides the a isomer still a third form. 

6. A convenient and economical method is given for the preparation 
of /3-glucose and of /3-galactose. 

EXPERIMENTAL PART. 

Preparation of a-Mannose by the Pyridine Process. — 25.0 gm. of 
«-mannose ([«]„ = — 12°) were heated with 30 cc. of pyridine until 
solution was completed. To the pyridine solution 250 cc. of 98.5 
per cent ethyl alcohol were added and the solution was allowed to 
stand at room temperature for about 3 hours. The solution turned 
into a solid mass. The first yield of a-mannose was about 60 per 
cent. The mother liquors were generally concentrated imder dimin- 
ished pressure and taken up again in hot pyridine. To the solution 
98.5 per cent alcohol was added. On repeating the operation, a- 
mannose can be converted into the a isomer practically without loss. 
The rotation of the sample reported in this experiment in aqueous 
solution was 

, + 0.900 X 100 _ , 

1X3 

In some experiments, the material had a sj^ecific rotation of [a]D = 
+28". 

Preparation of a-Mannosc by the Glacial Acetic Acid Process.- 50.0 
gm. of a-mannose ([a]” = — 1 1°) were dissolved in 10 cc. of hot water. 
100 cc. of hot glacial acetic acid were added to the solution. On 
standing, the solution turned into a solid mass. The yield was 
25.0 gm. and the specific rotation was 

K = — T>r3 — + 

Also in these experiments, the mannose remaining in the mother 
liquors was easily recovered. 

Preparatioft of a-Mannose by the Ammonia Process. — 10 gm. of 
/3-mannose were dissolved in 5 cc. of concentrated aqueous ammonia. 
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To the solution, 100 cc. of absolute alcohol and then ether were added 
as long as an oil continued to settle out. The oil was taken up in 
small portions of dry methyl alcohol until it crystallized. The dry 
substance had the following specific rotation. 


, ,» + 0.72“ X 100 

Wd = — nn — 


4-24* 


Also, in this process the mannose remaining in the mother liquor 
could be completely recovered. 

Purification of a-Mannose . — For purification, the crude material 
was allowed to stand for 24 hours in double its weight of 80 per cent 
alcohol. The residue was shaken for 5 minutes with a small portion 
of 80 per cent alcohol at 20°C. To a portion of the filtrate a few 
drops of ammonia were added and the optical rotation was measured. 
The extraction was continued until the rotation remained constant 
for three subsequent extractions. The rotation of these extracts in 
a 1 dm. tube was a ~ +2.30°. The residue was then washed with 
absolute alcohol and ether and dried under diminished pressure at 
50°C. The substance melted into a semisolid mass at 133°C. (cor- 
rected) and turned liquid and decomposed at 205°C. It had a 
specific rotation in water of [«]“ = +30°, and in 80 per cent alcohol 
of +35°. 

Initial and Final Solubilities of a-Mannose in 80 Per Cent Alcohol . — 
The experiment was carried out at 20°C. 10.0 gm. of the dry a form 
were shaken in a glass stoppered flask for 5 minutes with 40 cc. of the 
solvent. About 10 cc. of the supernatant liquid were withdrawn by 
a Lowry pipette, 2 drops of ammonia water were added to the solution, 
and the rotation was measured. [a]p was +2.30°. The flask with 
the remainder of the suspension was allowed to stand for 24 hours 
when another sample of 10 per cent was withdrawn. The rotation 
was +2.80°. 

The rotation of the p form is calculated from the equation 0.821 
(35) + 0.179 (x) => 25.7. 25.7 is the equilibrium specific rotation 
of mannose in 80 per cent alcohol, x (the rotation of the P form) 
is +16.5°. 

Initial and Final Solubilities of p-Mannose in 80 Per Cent Alcohol. 
— ^The experiment was carried out in the same manner as in the case 
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of a-mannose. 10.0 gm. of j8-maimose were suspended in 75 cc. of 
80 per cent alcohol. The rotation of the first extract was +0.38°, of 
the final +1.80°. The specific rotation of the a form, calculated 
from the equation 0.188 (—16.5) + 0.812* = 25.7, is + 35°. 

The Solubility of a Mixture of a- and ^-Mannoses. — ^The j8-mannose 
was purified in the same way as the a isomer. It melted into a 
semisolid mass at 140°C. (corrected), and then behaved as the a form. 
A concentrated solution in 80 per cent alcohol in equilibrium gave an 
optical rotation of +0.38° in a 100 mm. tube. 

A mixture of 3 gm. of /3-mannose and of 7.0 gm. of a-mannose was 
shaken for 5 minutes at 20°C. with 30 cc. of 80 per cent alcohol. The 
filtrate, after addition of a drop of ammonia, had the optical rotation 
of [a]" => +2.67° in a 100 mm. tube. The calculated value is + 2.68°. 

Mutarotation of a- and ^-Mannoses at 25°C. — ^5 gm of dry a-mannose 
were shaken in a thermostatic bath at 25°C. for 5 minutes. The 
supernatant liquor was rapidly filtered. 3 gm. of the /3 form were 
treated in the same way. The measurements were taken in tubes 
provided with jackets through which circulated the water from the 
same thermostatic bath. The changes of rotation were as follows: 


Time. 1 

a Form 

^i 4 

min. 

0 

27 

4-6 95 
+6 25 

0 00775 

57 

4-5 79 

0 00795 

89 

+5,50 

0 00770 

116 

+5 31 

0.00850 

Equilib- 

rium. 

+5.12 

Average. , .0 00792 


Time 

Form, 

*1 + 

min. 



0 

-0 72 


30 

-0 07 

0 00545 

62 

-1-0 43 

0,00572 

91 

-fO 73 

0 00580 

120 

+0 95 

0.00602 

Equilib 


Average 0.00549 

rium. 

+1 34 



Mutarotation of a- and ^-Mannoses at 12.5°C. — ^These measure- 
ments were carried out in a room in which the temperature was kept 
constant at 12.5°C. 0.500 gm. of dry |3-mannose was dissolved in 
25 cc. of 80 per cent alcohol. It took about 2^ minutes to complete 
solution. 3 gm. of a-mannose were shaken 5 nainutes with 3 cc. of 
80 per cent alcohol. Under these conditions, the concentrations of 
the a- and /8-mannoses were approximately the same. 
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The course of the mutarotation was as follows: 


Time* 

a Fozm. 

ki + 

Time. 

Form. 


min* 



min» 



0 

+1.33 


0 

-0.66 


34 

+1.26 

0.00219 

30 

-0.57 

0.00169 

76 

+1.19 

0.00239 

59 

-0.37 

0.00144 

113 

+1.14 

0.00247 

97 

-0.22 

0.00141 

147 

+1 11 

0 00255 

121 

-0 11 

0.00148 

Equilib- 


Average. . .0.00240 

Equilib- 


Average.. .0.00150 

rium. 

+0.95 


rium. 

+0.97 



Two other experiments were performed. The respective values were 
0.00241 and 0.00239 for the a, and 0.00170 and 0.00141 for the 0 form. 
Recalculated for 2S“C. by the coefficient of Hudson and Sawyer 
(2.6 for 10“) the values given in the table become 0.00753 for the « 
form and 0.00567 for the /3 form. These values agree very closely 
with those found in the experiments reported above. 

Preparation of ^-Glucose . — 200 gm. of a-glucose were dissolved in 
about 50 cc. of hot water; to this solution, 20 cc. of concentrated 
ammonia water were added. The solution was allowed to stand 5 
minutes. Then 200 cc. of 98.5 per cent alcohol were added. To the 
resulting solution ether was added as long as an oil settled out. The 
supernatant liquid was then decanted and to the syrup methyl 
alcohol was added in small portions, while stirring and scratching on 
the walls of the vessel were continued. The glucose crystallized 
immediately. The yield was 140 gm. The specific rotation of the 
crude material was [a]“ = +23°. The material remaining in the 
mother liquor was easily recovered. 

Preparation of 0-Galactose . — 50 gm. of a-galactose were dissolved 
in 40 cc. of concentrated ammonia water in the cold. 200 cc. of cold 
alcohol were added and then ether was added as long as oil settled 
out. The supernatant liquid was decanted, and to the oil small 
portions of methyl alcohol were added, while stirring and scratching 
on the walls of the vessel were continued. The crystallization began 
almost at once. The specific rotation of the crude 0 form was [a]”* 
+63°. 










{Reprinted from T^e Jouenal of Biolooicai. CHEUiSTRy, September, 1923, Vol. Ivffi, 

No. 2, pp. 337-340.] 


THE TWO ISOMERIC CHONDROSAMINE HYDROCHLO- 
RIDES AND THE RATES OF THEIR MUTAROTATION. 

By P. a. LEVENE. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 
(Received for publication, July 9, 1923.) 

The first sample of chondrosamine hydrochloride isolated by Levene 
and La Forge^ had an initial rotation of [a]” = -f 129°, which reached 
an equilibrium at the rotation of [a]“ = + 95°. All subsequent 
preparations, both synthetic and natural, had an initial specific rota- 
tion in the neighborhood of [a]" = + 51-60° and an equilibrium 
rotation of («]“ = + 95°. Since chondrosamine belongs to the d 
series, the second form is to be regarded as the /3 isomer. In this 
respect, chondrosamine represents one of the few sugars which under 
normal conditions, crystallizes in the form. The common form of 
most other simple sugars, with the exception of mannose, is the a 
form. 

'I'he knowledge of the rotation of the « and j8 isomers is important 
for the purpose of obtaining information as to the value and the 
direction of the rotation of carbon atom 2 in the sugars. The bearing 
of the direction of carbon atom 2 on the configuration of sugars and 
sugar acids has been discussed in the paper on cpiglucosamine pent- 
acetate." In view of this, an effort was made to prepare both isomers 
of chondrosamine hydrochloride in pure form. Since the prevailing 
material consists of the ^ isomer, the first step was to obtain the 
equilibrium form. A convenient way to prepare this form is given 
in the experimental part. This material was extracted repeatedly 
either with methyl alcohol or with a solution consisting of equal parts 
of absolute ethyl and methyl alcohols. By the addition of ether to 
the filtrate, a substance was obtained which had a higher rotation 
than the initial substance. On repeating the operation, the rotation 

‘ Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1914, xviii, 127. 

* Levene, P. A., and Meyer, Cf M., /. Biol. Chem., 1923, Iv, 221. 
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of the more soluble form gradually increased and finally reached the 
value [a]o + 121®. 

On the other hand, a method was found to purify the isomer so 
that its rotation came down to [a]" = + 47®. The extrapolated 
initial rotation was found to be [a]" = + 44.5®. Thus, the difference 
of the molecular rotation of the two forms is 16,485. It is possible 
that the a form was not yet absolutely pure and that the pure sub- 
stance possesses a slightly higher rotation than H- 121°, but the 
difference of the molecular rotations of the two forms is practically 
identical with the normal value for the majority of sugars. It is also 
very close to the value obtained by Irvine and Earl for the difference 
of the rotation of the two isomeric chitosamine hydrochlorides. 
The fact that the mutarotations of the a and /3 forms gave the same 
value for ki + ka speaks in favor of the purity of the two substances. 
The discrepancy in the rotation of the sample of Levene and La Forge 
and of the present samples may in part be due to the difference in 
the details of the technique of measurement. Whereas, in previous 
work the measurement was carried out in closed tubes, the present 
measurements were made in tubulated tubes. 


EXPERIMENTAL PART. 


Purification of Chondrosamine Hydrochloride. — ^3.0 gm. of crude 
material with a specific rotation of [a]” = -f- 80° were dissolved with 
heat in 80 cc. of concentrated hydrochloric acid. An additional 7.0 
gm. of substance was added to the solution in small portions. To 
this solution alcohol was added until a crystalline deposit formed. 
The precipitate was filtered off while the mixture was still warm. 
This substance melted with decomposition at 187°C. 3 minutes after 
the substance was mixed with the solvent the rotation was 


H- 0.96° X 100 
1X2 


The mother liquors of this material were concentrated nearly to 
dryness and dissolved in a minimum amount of hot concentrated 
hydrochloric acid. Absolute alcohol was added until the substance 
began to crystallize. The optical rotation of this substance 4 minutes 
after solution was 
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The rate of mutarotation of the /3 form was as follows: 


Time. 

a 

Ai + ■■ 

1 , f » — r# 

• fm 

4 min. 

+0.96 



15 

« 

+1.20 


0.0154 

27 

It 

+ 1.40 


0.0131 

37 

it 

+1.49 


0.0121 

47 

tt 

+1.57 


0.0121 

133 

tt 

+1.84 

Average .... 

0.0131 

24 hrs. 

+1.84 




On the basis of these values the extrapolated initial specific rotation 
was [a]" = + 44.5°. 

Preparation of a-Chondrosamine Hydrochloride . — ^50 gm. of the 
substance with specific rotation [a]“ = 4- 0.56° were dissolved in 
600 cc. of warm 60 per cent alcohol. The solution was allowed to 
remain on the water bath for half an hour when 600 cc. of acetone 
were added. An oily sediment formed. Methyl alcohol was then 
added until the sediment acquired a crystalline character and then 
400 cc. of acetone were gradually added with stirring. The mixture 
was allowed to stand for 1 hour and then filtered. The molecular 
rotation of this material was [«]“ = + 67.5°. The filtrate was con- 
centrated to a syrup under diminished pressure at 40°C. (water bath 
temperature). The syrup was dissolved in a little methyl alcohol. 
To the solution acetone was gradually added as long as its addition 
produced a cloudiness. The crystalline precipitate was filtered off 
after 15 minutes. Its specific rotation was [a]” = + 95°. This 
value is that of the equilibrium form. 

The pure a isomer was prepared by extracting the equilibrium 
form with methyl alcohol or with a mixture of ethyl and methyl 
alcohol. 20 gm. of the dry material were extracted at 15°C. for 3 
minutes with 150 cc. of dry methyl alcohol and filtered. To the 
filtrate ether was added as long as it produced a turbidity. The 
crystalline precipitate was filtered off immediately. The extraction 
was repeated twice and the three crystalline deposits, obtained from 
the filtrates by the addition of ether, were combined. The yield was 
5.0 gm. and the substance had the specific rotation of [a]" = + 121° 
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On further purification, the rotation of the substance did not change. 
The final substance had a melting point of 185°C. and analyzed as 
follows: 


0.1974 gm. substance: (Kjeldahl) 9.30 cc. 0.1 n acid. 

0.1974 “ " : (Volhard) 9.10 “ 0.1 “ AgNOs. 

0.1072 « « ; 0.1306 gm. CO 2 and 0.0630 gm.HiiO. 

CyiiiNOaiCl. Calculated. C 33.40, H 6.54, N 6.54, Cl 16.45. 

Found. “ 33.22, “ 6..59, “ 659, “ 16.34. 

The rotation of the substance was 


, ,70 “f“ 2 42 

[aJu — - ----- 


X 2 


+ 121 ® 


In other experiments in which the mixture of the « and 8 forms had 
a specific rotation lower than -|-90°, the a isomer was obtained more 
successfully by extractions with a mixture of methyl and ethyl alcohol. 

The rate of mutarotation of the substance was as follows. 7 
minutes were required to dissolve the substance, filter the solution, 
and take the first reading: 


Time. 


, , , 1 , — fo 

ki + ki^ — Jog 

feo - fi 

mtn. 



7 

+2 36 


11 

+2 21 

0 0155 

31 

+2 07 

0 0133 

59 

+ 1 96 

0.0139 

76 

H-1 90 

0.0134 

Equilibrium. 

4“ 1 .86 

1 

Average 0 0140 



[Reprinted from T^e Joobnai oe Bioxogical CHEiasTKY, September, 1923, Vol. Ivii, 

No. 2, pp. 341-349.1 


ON THE IDENTITY OR NON-IDENTITY OF ANTINEURITIC 
AND WATER-SOLUBLE B VITAMINS. 

By P. a. LEVENE and MARIE MUHLFELD. 

{JFrom the Laboratories of The Rockefeller InstUiUe for Medical Research.) 

(Received for publication, July 9, 1923.) 

The problem to be reported in this paper has been the subject of 
much discussion in recent literature. A thorough analysis of the 
evidence on both sides of the question was presented first by Mitchel 
and later by Sherman and Smith. The very impartial scrutiny of all 
the evidence leads these authors to the conclusion that the evidence to 
date does not permit of a final decision in either direction. The 
present communication was made with a view of presenting evidence 
on the non-identity of the two vitamins. The observations were inci- 
dental in an effort to organize the work on the chemical nature of the 
water-soluble B vitamin. The original aim was to select a convenient 
source of vitamin B and a convenient laboratory animal. As the 
source of vitamin, various samples of yeast were tested and as labora- 
tory animals, the pigeon and the white rat (descendants of Osborne 
and Mendel’s colony, obtained through the courtesy of Prof. H. 
Sherman) were selected. It was then incidentally observed that 
certain samples of yeast which were sufficiently active to maintain 
normal growth in rats failed to protect pigeons fed on polished rice 
from polyneuritis. This observation led to a more careful investi- 
gation into the present problem. Three samples of bakers’ yeast 
supplied by the Fleischmann Company, and one sample of brewers’ 
yeast were employed in the investigation. 

The results are summarized in the tables and chart, from which it 
is seen that the water-soluble B vitamin of four samples of yeast 
varied comparatively little. In daily doses of 0.200 gm., all the 
samples were effective. In 0.100 gm. doses, brewers’ yeast and 
bakers’ yeast No. 3 were sufficient to maintain normal growth, 
whereas Nos. 2 and 9 in such doses gave less satisfactory results. 
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Thus, the proportional difference between the best and the poorest 
samples was not greater than 2 to 1. 

The results of feeding pigeons with the same samples of yeast were 
the following. 

Brewers’ yeast protected pigeons from polyneuritis in doses of 
0.500 gm. per day; bakers’ yeast No. 3 gave irregular results in doses 
of 0.200 gm. per day and protected completely in doses of 0.500 gm. 
per day. Bakers’ yeast No. 9 failed to protect in doses of 0.500 gm. 
and gave irregular results in doses of 1.0 gm. (of three pigeons, one 
lived 50 days and two remained in perfectly normal condition after 
70 days). Bakers’ yeast No. 2 failed to protect even in doses of 
2.0 gm. per day. Thus, No. 2 failed to protect pigeons from poly- 
neuritis in doses at least four times as large as the protective dose 
of No. 3. 

Occasionally, in a few earlier experiments, it seemed that an extract 
of a certain sample of yeast contained the protective power when the 
untreated yeast failed to do so. The extract was prepared following 
the directions of Osborne and Wakeman. A more careful investi- 
gation, however, revealed that the impression was erroneous. The 
Osborne and Wakeman fraction II obtained from yeast No. 2 was 
inactive in doses of 0.500 gm., whereas a similar fraction from the 
brewers’ yeast carried a certain degree of protection in doses of 
0.075 gm. per day and completely protected in doses of 0.125 gm. 

It is noteworthy that, whereas the concentration of the protective 
principle was higher in yeast No. 3 than in the brewers’ yeast, the 
concentrations of the principle in the Osborne and Wakeman fraction 
II were reversed, being lower in that from yeast No. 3 than from the 
brewers’ yeast. AH samples of the Osborne and Wakeman fraction II 
in daily doses of 0.020 to 0.050 gm. were effective in maintaining 
the normal growth of rats fed on the basal diet of Osborne and Mendel. 

All postmortem examinations were made by Dr. P. Olitsky. Only 
animals sacrificed before death or found dead during laboratory hours 
were autopsied. 

Thus, the material presented in this report contains additional 
evidence in support of the view that the antineuritic and the growth- 
promoting principle are not identical. However, it must be borne in 
mind that the final solution of the problem will be furnished only by 
the knowledge of the chemical nature of the active principles. 
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EXPERIMENTAL. 


In the rat experiments, the technique of Osborne and Mendel was 
followed throughout. Young rats were placed in individual cages on 
the basal vitamin B-frec diet until they had definitely lost weight, 
when vitamin in tablet form was given. Careful records of food 
consumption were kept and since the cages had wire mesh bottoms, 
there was little or no contamination or eating of feces. ^ All the tests 
were made on a series of four or more rats. The curves published 
are typical of the series. 

"J'he vitamin B-free basal diet emjdoyed was 


Casein 

Salt mixture IV 
Starch 

Butter fat .. . 

Lard 

Cod liver oil 


per cent 
. 18 
. 4 
. 54 
. 9 
. 13 
. 2 


For the pigeon exi^eriments, birds weighing over 300 gm. were used. 
They were kept in individual cages and were forcibly fed 20 gm. of 
ground white rice, 18 cc. of distilled water, and the \’itamin daily. 
All exi)criments were prophylactic and were continued at least 63 
days on a series of three birds. Controls on 20 gm. of ground mixed 
grains were found healthy and normal. 


* Our cages were made of galvanized iron, 9 inches in diameter. They w^re 
made in three pieces, the wire mesh base with a rim to hold tlie cage, and a cover 
weighted with a lead rim. The cage stood in a deep agate pan over a layer of 
sand, which may be moistened with 2 per cent sulfuric acid in order to remove 
effectively any odor. 
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I K. 1 




Chart 1 


TABLF 1 


Bakers^ Yea^t No Z on Pigeons 


Amount 

Bird No 

1 inuth of 
life 

C hanut m 
weight 

Remarks 



days 

km 


200 mg 

17 

32 

-f-2 

Spastic killed 


18 

20 

+4 

Died 


19 

22 

~32 

Spastic, died 


20 

20 

0 


500 mg 

74 

21 

-SO 

ConvuKions 


7S 

14 

-7 

a 


76 

17 

+10 

Crop full, spastic 

1 gm 

92 

17 

Crop full 

Convulsions Autopsy, polyneuritis 


93 

3? 

-106 

Died 


94 

30 

+ 70 

« 

2 gm 

177 

77 

-10 

Autopsy, normal 


179 

77 




180 

68 

-55 

Autopsy, pol 5 rneuritis 
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TABLE II. 


Osborne and Wakeman's Fraction II from Bakers' Yeast No, 2, 


Amount. 

Bird No. 

Length of 
lue. 

Change in 
weight. 

Remarks. 

mg. 


days 

gm. 


75 

148 

21 

-35 

Autopsy; polyneuritis. 


149 

25 

Crop full. 

u « 


150 

18 

-27 

Spastic. 

125 

151 

28 

-77 

Autopsy; pol3aieuritis 


152 

28 

-35 

Died 


153 

21 

-43 

Autopsy; polyneuritis 

150 

181 

21 

-10 

Autopsy; almost normal. 


182 

26 

-41 

** polyneuritis 


183 

26 

Crop full. 

Paralysis. Autopsy; polyneuritis. 

175 

154 

27 

-44 

Spastic. 


155 

28 

Crop full. 

Died. 


156 

21 

-23 

Autopsy; polyneuritis. 

250 

184 

26 

-42 

Spastic. Autopsy; polyneuritis. 


185 

23 

-60 



186 

21 

-18 

Crop full. Autopsy, beginning poly- 





neuritis. 

500 

187 

42 

4-8 

Crop full; died. 


188 

49 

+40 

Autopsy; polyneuritis. 


189 

56 

-25 

a (( 


TABLE III. 


Osborne and Wakeman's Fraction II from Bakers' Yeast No. 3. 


Amount. 

Bird No. 

Length of 
me. 

Change in 
weight. 

Remarks 

mg. 


days 

gm. 


75 

157 

35 


Died. 


158 

49 

-47 

Spastic; died. 


159 

70 

-18 

Autopsy; mild polyneuritis. 

125 

161 

70 

-39 

Well. 


162 

70 

-30 

it 

175 

163 

70 

0 

it 


164 

39 

-30 

Autopsy; beginning polyneuritis. 


165 

70 

-30 

Well. 
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TABLE IV. 


Bakers' Yeast No. 3 on Pigeons. 


Amount 

Bird No. 

Length of 
me. 

Change in 
weight 

Remarks. 

200 mg. 

101 

days 

70 

(m. 

-8 

Apparently healthy. 


102 

70 

-20 

Autopsy; normal. 


103 

53 

-72 

polyneuritis. 

500 mg. 

104 

70 

-35 

Well. 


105 

70 

-11 

« 


106 

70 

+64 

it 

Igm. 

107 

70 

-8 

it 


108 

70 

+42 

it 


109 

70 

+4 

it 


TABLE V. 

Bakers' Yeast No. 9 on Pigeons. 


Amount. 

Bird No. 

Length of 
iSe. 

Change in 
weight 

Remarks. 

200 mg. 

54 

days 

21 

im. 

-34 

1 Spastic; died. 


55 

40 

0 

Crop full; died. 


56 

35 

-10 

Died suddenly. 


57 

34 

+9 

Paralyzed; died. 

500 mg. 

80 

28 

-10 

Atropic; died. 


81 

28 

-2 

Spastic; died. 


82 

25 

+28 

Crop full; died. 

Igm. 

97 

49 

+s 

Autopsy; beginning polyneuritis. 


98 

77 

+17 

1 ** normal. 


99 

70 

+15 

! Healthy. 
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TABLE VI. 


Oshame and Wakman's Fraction II from Bakers' Yeast No. 9. 


Amount | 

Bird No. 

Length of 
me. 

Change in | 
weight. 

Remarks. 

mg. 


d$ys 

gm. 


75 

139 

23 

-10 

Autopsy; polyneuritis. 


140 

49 

-94 

Weak; returned to normal on 200 mg. 


141 

25 

-60 

Autopsy; polyneuritis. 

125 

142 

70 

-80 

very beginning of polyneuritis. 


143 

70 

-12 



144 

33 

-49 

Autopsy; mild pol 3 meuriti 8 . 

175 

145 

42 

-31 

Died. 


146 

28 

-85 

Autopsy; polyneuritis. 


147 

70 

+6 

Apparently healthy. 


TABLE VII. 

Brewers' Yeast on Pigeons. 


Amount. 

Bird No. 

Len|^thof 

Change in 
weight 

1 

Remarks 



days 

gm 


200 mg. 

67 

34 

Crop full. 

Convubions; died. 


69 

30 

-25 

i( « 


70 

20 

+45 

Crop full. Autopsy; polyneuritis. 

500 mg. 

86 

63 

+36 

Well. 


87 

63 

-13 

(4 


88 

63 

-18 

<4 

1 gm. 

89 

70 

+1 

44 


90 

70 

-8 

44 


91 

70 

+46 

44 
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table vm. 


Osborne and Waketnan's Fraction II from Brewers’ Yeast. 


Amount. 

Bird No 

Le^|thof 

Change in 
wei^t 

Remarks. 

mg. 


days 

gm. 


75 

130 

65 

-29 

Autopsy; normal. 


131 

65 

-2 

polyneuritis. 


132 

35 

-43 

Died. 

125 

133 

63 

+8 

Autopsy; normal. 


134 

63 

+25 

u « 


135 

63 

+25 

1 « <( 

175 

136 

65 

+3 

(( u 


137 

65 

-8 

U (( 


138 

65 

-25 

(( c< 






{Reprinted horn Tbz Jocxnal or Biological Chemisixy, September, 1923, VoL Ivii, 

No. 2, pp. 353-567.] 


STROPHANTHIN. 

II. The Oxidation of Strophanthidin.^ 

By WALTER A. JACOBS. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 
(Received for publication, July 14, 1923.) 

Attempts to obtain infoimation regarding the structure of stro- 
phanthidin have been limited to the experiments of Feist* and Windaus 
and Hermanns.* Although the former studied the effect of a number 
of oxidizing agents, the only definite result obtained by hinn was by 
the oxidation of strophanthidin or isostrophanthidin (strophanthidinic 
add lactone) with permanganate in alkaline solution after saponi- 
fication of the lactone group in each of these compounds. In each 
case, along with oxalic add and other obscure, amorphous adds, the 
same crystalline dibasic add (so called strophanthic add) was iso- 
lated with the melting point 260.8°, to which Feist attributed the 
formula C27Hj80«. Windaus and Hermanns later confirmed the 
formation of this add, but on the basis of analysis, titration, and 
the analysis of a dimethyl ester adopted the formula CitHjoOs, and 
suggested that its formation might be due to the oxidation of a 
terminal CH* group in the hydroxy add, erroneously considered 
by them to be CjjHjsO*. From the following, this view will be seen 
to be untenable. 

We have also prepared this add and, from its analysis and titration 
in the cold, we have confirmed the formula CjsHsoOg. It is isomeric 
with the add to be described later on. However, from its behavior 
toward alkali, we have found that this add, contrary to Febt, stUl 
possesses a ketone group and is, therefore, a dibasic lactone add. 
On addification the ketone ring readily doses with the quantitative 
formation of the original dibasic add. Further, the dimethyl ester 

^ Jacobs, W. A., and Heidelberger, M., J. Biol. Chem., 1922, Uv, 253. 

* Feist, F., Ber. chem. Ges., 1898, xxzi, 534; 1900, zzxiii, 2088. 

• Windaus, A., and Hermanns, L., Ber. chem. Ges., 1915, zlviii, 993. 
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does not react with ketone reagents, so that the conclusion seems 
justified that the carbonyl group of strc^hanthidin is oxidized in the 
process of the formation of this add. 

The ester forms a benzoate. Accordin^y, 7 of the 8 oxygen atoms 
contained in the add have been accounted for. This would indicate 
that the main polycydic skeleton of the strophanthidin mdecule 
is composed only of carbon atoms. The relationship of this add to 
strophanthidin is, at the moment, obscure, but the oxidation of the 
carbonyl group to carboxyl probably occurs in a manner similar to 
that discussed in the case of the following substance. Unlike the 
latter, the lactone ring is probably analogous to that contained in 
isostrophanthidin. 

When strophanthidin is oxidized in the cold in acetone solution 
with permanganate, a monobasic add is obtained, for which the 
foimtUa ‘IHjO has been derived. The analysis of the 

anhydrous substance was rendered difiSicult by the decomposition 
experienced when attempts were made to remove the water of crystal- 
lization. The above formula was confirmed by analysis of the silver 
salt and the methyl ester. From its behavior toward boiling alkali, 
the add still possesses the lactone ring of strophanthidin. The 
methyl ester, however, no longer reacts with ketone reagents, and, 
in tMs respect, resembles the ester of the previously described di- 
basic add. It is suggested, as pictured below, that the carbonyl 
group is attached to a tertiary carbon atom and, when oxidized, it 
is changed to carboxyl. The resulting tertiary alcoholic hydroxyl 
is then r^oved as water. At the same time 2 hydrogen atoms, 
elsewhere in the molecule, must be removed. Attempts to detect 
the presence of olefin linkings by reduction 


II H II 11 



H /HOI 

O 

H 


of the ester with pdladium and hydrogen were unsuccessful. 
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The ester forms a benzoate, so that the alcoholic group is presumably 
the same as that in strophanthidin which also forms a benzoate. Con- 
trary, however, to the behavior of strophanthidin, which cannot be 
recovered after saponification of its lactone group, this acid may be, in 
part, recovered after such treatment. 

Attempts to oxidize the above unsaponified acid in neutral solution 
with permanganate did not yield a tangible product. After saponi- 
fication, however, this reagent produced a dibasic acid, CzaHsoOs, iso- 
meric with the previously discussed strophanthic acid of Feist, and 
Windaus and Hermanns. Contrary to the behavior of the latter, 
however, the new acid no longer contains the lactone ring. Instead, 
its dimethyl ester reacts with ketone reagents. 

It may be concluded that the secondary alcoholic group contained 
in the lactone ring of the acid CjsHaoO?, when once liberated by saponi- 
fication to the dibasic add, CtaHttOs, is oxidized to the carbonyl group 
of the add OiHsoOg. Since strophanthidin possesses an analogous lac- 
tone ring, the internal ester of this compound is presumably likewise 
that of a secondary alcoholic hydroxyl group. The dimethyl ester of 
the acid CtgHtoOs still jdelds a monobenzoate. 

Although, on boiling the above acid with alkali, no evidence was ob- 
tained of the presence of a lactone group, curiously enough when the 
alkaline mixture was reacidified, the original acid could not be recov- 
ered. Instead, a new dibasic add was obtained with quite different 
properties. The analysis of the acid suggested the formula CzsHnO*. 
According to this, its formation was due to the addition of water to the 
molecule of the original add. The new add yielded a dimethyl ester 
which, in turn, gave an oxime and a monobenzoate. However, a con- 
stant error of about 0.6 to 0.7 per cent high in the carbon deter- 
minations on the add, ester, and the benzoate will require explanation. 

It is obvious that the oxidative degradation of strophanthidin pre- 
sents the same difficulties which have been e3q>erienced with other 
members of the group of saturated polycyclic carbon compounds. 

EXPERIMENTAL. 

Oxidation of Strophanthidin. 

The Acid CuHtiPi . — 50 gm. of strophanthidin were dissolved in 
2,000 cc. of acetone which had been carefully dried over caldum chlo- 
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tide and then distQled. The solution was turbined, chilled to 0-5**, 
and then treated with 25 gm. of powdered potassium permanganate. 
Oxidation occurred dowly with the gradual deposition of MnOs mixed 
with salts of the add oxidation products. After about 2 hours, during 
which the temperature was maintained, the permanganate was com- 
pletely used up. The collected predpitate was washed with acetone 
and then shaken up with water. The filtrate from MnOa was concen- 
trated to about 150 cc. and addified with acetic acid. The crude acid, 
which partly predpitated as a gum, slowly crystallized on standing and 
tubbing. The collected substance was suspended in water and dis- 
solved by the addition of ammonia in slight excess. A very small 
amount of material, which proved to be unchanged strophanthidin, 
remained undissolved. The gently warmed solution on addification 
3 delded the add as colorless rhombic leaflets. The yield was 13 gm. 

The acetone filtrate from the above reaction mixture was concen- 
trated to dryness. The resinous residue crystallized when treated with 
dilute ammonia. The crystals consisted of unchanged strophanthidin 
(6.7 gm.). The filtrate from the crystals, when concentrated and 
addified with acetic add, yielded a small amount of a gummy precipi- 
tate which was followed after seeding by a small quantity of the above 
described add. No other crystalline product was obtained from the 
reaction mixture. 

For analysis, the main fraction was recrystallized by dissolving in a 
small volume of hot 95 per cent alcohol and adding an equal volume 
of water. The add slowly deposited as a crust of small, glistening, 
four-sided, stout plates or leaflets which contained, when air-dry, 
approximately 0.5 molecule of water of crystallization. 

The substance softens above 175® and melts and effervesces at 185- 
190® although the melting point is considerably influenced by the rate 
of heating. 

[«]" •» +54.8“ (e «• 1.005 in methyl alcohol). 

It is readily soluble in methyl and ethyl alcohols, acetone, and acetic 
add, and very sparingly soluble in chloroform, benzene, and ether. It 
dissolves completely in carbonate solution. In concentrated sulfuric 
add it gives a yellow color which changes rapidly through orange and 
red to a permanganate purple. 
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The analysis was made somewhat imcertain by the difficulty of the 
complete removal of the water from the substance without accon^Miny* 
ing decomposition. 

Air-dry substance. 

CuHtoOi iHiO. Calculated. C 64.60, H 7.31. 

Found, (a). “ 64.52, “ 7.63. 

(b). “ 64.27, “ 7.S3. 

Dried at 100^ in vacuo over CaCh. 

CmHioOt IHiO. Calculated. H>0 2.10. 

Found. “ 1.77. 

Anhydrous substance. 

CssHioOy. Calculated. C 65.99, H 7.23. 

Found. “ 65.62, “ 7.46. 

The acid still possesses the lactone group contained in strophanthidin 
which was readily determined as follows: 

0.1993 gm. of air-dry substance was dissolved in a few cc. of acetone, 
diluted with water, and titrated with 0.1 n NaOH, using phenol- 
phthalein as an indicator. 4.50 cc. of alkali were required. The 
calculated volume for Cj3H8o07’§H20 is 4.67 cc. A solution of 0.2007 
gm. of the add in 25.35 cc. of 0.1 n NaOH was refluxed for 45 minutes 
and then titrated back. 9.45 cc. of 0.1 n NaOH were used; 9.40 cc. 
are required by theory. 

Strophanthidin, when once saponified by alkali, cannot be recovered 
as such, but only as the isomeric isostrophanthidin. The above add, 
on the contrary, may be partly recovered after saponification. 0.5 
gm. was dissolved in 10 cc. of 10 per cent NaOH and allowed to stand 
24 hours at room temperature. On acidification with acetic acid, 0.2 
gm. of the original acid was recovered as shown by melting point and 
pr(^rties. The mother liquor yielded a small additional amount after 
concentration. 

Silver Salt . — ^As additional evidence for the formula adopted for the 
add, the silver salt was prepared. The add was dissolved in about 
100 parts of water with a slight excess of ammonia which was then 
boiled off. The still hot solution when treated with silver nitrate 
solution yielded ^stening, six-sided leaflets. The collected salt was 
suspended in water and dissolved by the careful addition of ammonia. 
The solution was then diluted and treated with acetic add in slight 
excess. On standing, a small deposit of impurities formed frran which 



322 


sTKomANTsm. n 


the dear solution was filtered. After a few days in the refrigerator 
this dejKsited a crust of small plates and prisms which were stable to 
light. 

Air’4ry substance {dried at 10(f in vacuo over BtSOi). 

CifHttOr Ag*2H^. Calculfttdd. Hi0 6*42. 

Found. « 6.65. 

Anhydrous substance, 

CtOIiiOTAg. Calculated. C 52.56, H 5.57, Ag 20.55. 

Found, (a). “ 52.41, ** 5.72, « 20.45. 

(b). ‘‘ 20.67. 

The Methyl Ester . — ^The above add was esterified in acetone solutioh 
by diazomethane. The ester readily crystallized after removing the 
solvent. Recrystallized from methyl alcohol, it formed colorless, 
six-sided tablets which soften above 150“ and slowly froth up at about 
160-163®. It dissolves in alcohol, chloroform, and hot benzene, and 
less readily in ether. In concentrated sulfuric acid, the initial yellow 
color gradually deepens to an orange and finally to an orange-red with 
a purple fluorescence. 

W” = 57.6” (c = 1.007 in methyl alcohol). 

Air^dry substance {dried in vacuo at 100° over IltSO^, 

C24Ht807*Hi0. Calculated. HsO4.00. 

Found, (a) “ 4.36. 

(b), “ 4.27. 

Anhydrous substance. 

CmHmOt. Calculated. C 66.63, H 7.46. 

Found, (a). “ 66.66, “ 8.10. 

(b). “ 66.49, “ 7.63. 

Attempts to prepare from the ester an oxime and a phenylhydra- 
zone resulted only in the recovery of unchanged starting material. It 
may be concluded, therefore, that the carbonyl group contained in 
strc^hanthidin is no longer present in the acid obtained from it and the 
free carboxyl group in the latter is presiunably formed by oxidation of 
this carbonyl group. 

On the contrary, the formation of a benzoyl compound from the ester 
would suggest the retention of the alcoholic group of strophanthidin 
uduch yields a monobenzoate. 
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The BensoaU. — 1.4 gm. of the methyl ester were dissolved in 20 cc. 
of dry pyridine and the solution after diilfing was treated with 2 cc. of 
benzoyl chloride. After 1 hour, the mixture was pomed into dilute 
sulfuric add. Ihe predpitated oil crystallized readily when treated 
with alcohol. After several recrystaUizations from methyl alcohol, it 
formed colorless, minute prisms which melted at 243-244° (corrected). 
The substance dissolves easily in acetone and chloroform but is practi- 
cally insoluble in benzene or ether. 

[a]" 61.0® (e ™ 1.004 m acetone) 

CiiHmOi. Calculated. C 69.37, H 6.77. 

Found, (a). “ 69.10, “ 6.76 
(b). » 69.12, “ 6.81. 

Oxidation of the Acid 

The Acid — ^Attempts to oxidize further the add CisHjoOt 

under conditions in which the lactone group had been left intact have 
thus far given unpromising results. After saponification, however, the 
liberated secondary alcoholic group was readily oxidized by perman- 
ganate to a carbonyl group. 

10 gm. of the add CisHsoO? *11120 were dissolved in 100 cc. of 4 per 
cent NaOH. The solution was allowed to stand at 25° for 1 hour for 
saponification and was then diluted to 1,000 cc. 200 cc. of 5 per cent 
permanganate were added to the turbined mixture. The reaction 
rapidly completed itself, and the temperature rose to 27°. 100 cc. of 
normal acetic add were then added and the mixture was filtered. The 
filtrate was concentrated to about 100 cc. under reduced pressure and 
then addified strongly to Congo red with sulfuric add. A partly crys- 
talline predpitate slowly formed. After standing in the refrigerator for 
a day the collected acid was dissolved in a necessarily large volume of 
hot alcohol. Since the substance separated but incompletely on cooling, 
the filtrate was concentrated to about 100 cc. About 5 gm. of color- 
less, minute, fiat needles or platelets separated. This material even 
after repeated recrystaUization from alcchol gave analytical results 
which were 0.8 per cent high in carbon. This was unquestionably 
caused by a sparingly soluble by-product of the reaction. The add was 
eventually purified over the barium salt which will be described below. 



324 


snoFfiiuraHiN. n 


Hue barium salt, su^nded bi a small volume of water, dissolved when 
adctified with hydrochloric add. On rubbing, the add separated. The 
c^cted material was dissolved in dilute ammonia and again made to 
crystallise, by addition of add. It formed, when allowed to crys- 
tallize undisturbed, minute, ^tening, pyramided prisms which 
contained 2 molecules of water of crystallization. If allowed to ays- 
tallize rapidly, the add may separate as globialar aggregates of minute 
needles which are practically anhydrous. It oystallizes from alcohol 
in anhydrous form which melts and effervesces at 276-278° with 
preliminary sintering. The hydrate effervesces at 268-270° with pre- 
liminary sintering and discoloration. The latter dissolves fairly 
readily in hot water, but the anhydrous add gradually separates. 
Otherwise, either form of the add is difficultly soluble in the usual 
solvents. It dissolves in sulfmic add with a yellow color which changes 
through orange to red with a green fluorescence. 


[a]“ “ 28.0“ (e = 0.995 in pyridine). 


Air-dry substance (dried in vacuo over HtSOi). 

C3,Hao08'2H,0. C&lcul&ted. HtO 7.66. 

Found. “ 8.17. 


Anhydrous substance. 

Ct,H„0|. Calculated. C 63.56, H 6.96. 

found, (a). “ 63.69, “ 6.94. 
(b). “ 63.71, “ 6.94. 


0.1644 gm. of anhydrous substance was suspended in a small volume 
of water and titrated with 0.1 n NaOH, using phenolphthalein as 
indicator. 7.9 cc. were required. Calculated for the molecular 
weight 434.24, 7.6 cc. 

0.0571 gm. of anhydrous substance was refluxed for 1 hour in 15.0 
cc. of 0.1 N NaOH. 3.00 cc. were required. Calculated for two equiv- 
alents, 2.65 cc. 

Althou^ the titration after boiling with alkali seems to exdude the 
presence of a lactone group, the add cannot be recovered as such but is 
converted into the add below. 

Barium Salt. — 1.5 gm. of the above add were dissolved in 150 cc. of 
water containing a slight excess of ammonia and the solution was 
treated with barium chlonde solution. On concentrating under reduced 
pressure, the salt separated incompletely as glistening, silky needles. 
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The mother liquor yielded additional amounts. The salt was recrys- 
tallized by dissolving in hot water and since it showed little tendency 
to separate, the solution was concentrated to oystalUzation. The air- 
dried salt contained 6 molecules of water of crystallization. For the 
combustion it was necessary to use lead chromate. 


Air-dfUd substance (dried in vacuo at 100° over HtSO^. 

Cit^tOaBa '61110. Calculated. 1^0 15.95. 

Found. “ 16.30. 

Anhydrous substance. 

G).Hi«0(Ba. Calculated. C 48.46, H 4.92, Ba 24.12. 

Found. “ 48.26, “ 5.16, " 24.77. 


The Dimethyl Ester. — X suspension of the acid in acetone reacted at 
once with diazomethane. Evaporation of the solvent left a residue of 
rhombic platelets which were collected with ether. Reciystallized 
from methyl alcohol, the ester formed four-sided platelets and prisma 
which sintered at about 246° and melted with effervescence at 251-252°, 
The ester is soluble in alcohol, chloroform, and acetone, and very spar- 
ingly soluble in benzene or ether. It dissolves in concentrated sulfuric 
add with a play of color through orange to deep red with a greenish 
fluorescence. 

[a]" = —12.0° (c = 1.000 in acetone). 

CsiHmO,. Calculated. C 64.90, H 7.41. 

Found, (a). “ 64 84, “ 7.27. 

(b). “ 64.79, “ 7.15. 


The Benzoate of the Dimethyl Ester . — This was prepared in the usual 
way from 1.5 gm. of the ester in pjnidine solution with an excess of ben- 
zoyl chloride. After 1 hour, the reaction mixture when poured into 
add gave a slowly crystallizing oil. The collected material was 
recrystallized from methyl alcohol, the oi>eration requiring a large 
volume. 1.3 gm. of thin platelets, which melted with decomposition 
at 24^251°, were obtained. The substance dissolves readily in 
chloroform and pyridine, appreciably in acetone, and spaiin^y in 
hot alcohol. It is practically insoluble in ether and ligroin. In con- 
centrated sulfuric acid it gives the same reaction as the ori^nal ester. 

[«]” = 7 5® (c — 1.064 in acetone). 

C»HmO,' Calculated. C 67.81, H 6.76. 

Found, (a). “ 67.73, “ 6.61. 

(b). « 67.96. “ 6.57. 
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The Phenylhy^aKne of the Dimethyl Ester.—i.l gm. of the ester 
were heated on the water bath with 20 cc. of acetic acid and 2 gm. of 
phenylhydrazone. Stout cr 3 rstals separated after 30 minutes. The 
collected substance was washed with acetic add. Recrystallized 
from methyl alcohol, it formed lustrous platelets with a slightly 
yellowish tinge which melted and decomposed at 265-266®. It is 
sparingly soluble in the cold in the usual solvents. 

CiiHioOiN.. Calculated. C 67.35, H 7.30. 

Found, (a). “ 67.58, “ 7.27. 

(b). “ 67.75, “ 7.27. 

The Oxime of the Methyl Ester . — 1 gm. of the ester was refluxed 
for 2 hours in 20 cc. of methyl alcohol together with 0.5 gm. of hy- 
droxylamine hydrochloride and 2 gm. of sodium acetate. The 
alcohol was boiled off and the residue made to crystallize by the addi- 
tion of water. From dilute methyl alcohol lustrous, flat needles 
were obtained which are appredably soluble in alcohol, acetone, 
and chloroform, and but little soluble in ether or benzene. It melts 
with decomposition at 272-274® with preliminary darkening and 
sintering. 

Ct6H»0,N. Calculated. C 62.85, II 7.39. 

Found, (a). “ 6300, “ 7.48. 

(b). “ 62.97, “ 7.40. 

The Acid — 9.5 gm. of the above described add, C 2 sH 3 oOs, 

were dissolved in 100 cc. of 2 per cent sodium hydroxide solution and 
the mixture was then heated on the water bath for 30 minutes. When 
addified with 25 per cent sulfuric add, the original substance was 
not obtained but a new add separated on rubbing as a thick paste 
of delicate needles. The collected add was washed with ice water. 
The yield was 7.6 gm. Recrystallized from a small volume of water, 
the substance separates as colorless, glistening needles, containing 
when air-dry, 2.5 molecules of water of crystallization. It melts 
and effervesces at 185-187°. It dissolves easily in alcohol and ap- 
predably in water and acetone. In sulfuric add it gives at first a 
yellow color which changes to a red with green fluorescence. 
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Air-dry subskmu. 

[a]" - -37,0* (e - 1.206 pyridine). 


Air-dry substance (dried at lOOP in vacw over HsSO^. 

CMHaO.-2}H^. Cidculated. HiO9.05. 

Found. “ 8.76. 


Anhydrous substance. 

CjiHaO,. Calculated. C 61.03, H 7.13. 

Found, (a). “ 61.63, “ 7.02. 
(b). “ 61.75, “ 7.15, 


After recrystallization from water, the analj^ical figures remained 
unchanged. The high carbon values for this acid, as well as the 
similar high carbon values which were obtained on analysis of the 
ester to be described below and the benzoate obtained from it, are at 
present difficult to explain. The discrepancy is not great, but it has 
appeared too consistently to be ignored. The analysis of the oxime, 
however, has given figures in better agreement with the postulated 
formula. For the present, we see no reason against the provisional 
acceptance of the formula C^sHkO} for the acid. According to this 
view, it is formed by the addition of a molecule of water to the add 
Ct«HioOg. That this is not due to the opening up of a lactone was 
shown above by the titration of the latter add before and after 
boiling with excess alkali. In accordance with this, the add CgsHuOt 
when titrated gave figures for a dibasic add. 0.0890 gm., when 
suspended in water, required 4.30 cc. of 0.1 N NaOH, using phenol- 
phthalein as an indicator. The calculated volume is 3.95 cc. for 
a dibasic acid CssHsiOg. 

Until further data are obtained, it will be difficult to interpret the 
relationship of this add to that from which it was obtained. 

The Dimethyl Ester . — ^A suspension of the add in acetone reacted 
smoothly with diazomethane with the formation of a clear solution. 
After removing the acetone, the ester, which slowly crystallized, 
was collected with ether. The addition of water to the solution in 
methyl alcohol caused the gradual deposition of a crust of f^tening 
prisms. Reaystallized again for analysis, the ester melted at 205- 
206°. Repeated recrystallization as above or from dry acetone did 
not alter the analytiail result, the carbon, as in the case of the add, 
being about 0.6 per cent too high. The substance is soluble in al- 
cohol, chloroform, and acetone, and but sparingly so in benzene and 
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ether. Ih sulfuric add it pves the same play of colors shoum by the 
add. In acetone solution, it showed no appreciable rotation, c >■ 
1 . 000 . 

Calculated. C 62.46, H 7.52. 
found, (a). “ 63.06, “ 7.72. 

(b). “ 63.06, “ 7.69. 

The Benzoate of the Dimethyl Ester. — 1.S gm. of the ester were 
benzoykted in 20 cc. of pyridine with 3 cc. of benzoyl chloride. 
After standing 1 hour the mixture was poured into an excess of dilute 
sulfuric add. The pasty predpitate, which could not be made to 
crystallize, was shaken out with ether. The ether extract, washed 
successively with add, water, dilute carbonate solution, and finally 
water, was dried and concentrated. The colorless syrup slowly, 
but only partly, crystallized on standing, which was facilitated by 
the addition of ether. 0.6 gm. was obtained. Reciystallized by 
dissolving in a small volume of methyl alcohol and adding an equal 
volume of water, it formed microscopic plates and prisms which 
melted at 172-174°. The substance is readily soluble in alcohol, 
acetone, chloroform, and benzene, and with difficulty in ether. 

CaH 4 oOio. Calculated. C 65.72, H 6.90. 

Found, (a). “ 66.33, “ 694 
(b). “ 66.30, “ 6.99. 

The Oxime of the Dimethyl Ester. — A. mixture of 1.5 gm. of the 
ester, 0.5 gm. of hydroxylamine hydrochloride, and 2 gm. of sodium 
acetate in 20 cc. of methyl alcohol was refluxed for 2 hours. Con- 
centration of the solution and addition of water 3 delded a gum which 
crystallized after a day or so. Recrystallized by addition of water 
to its methyl alcoholic solution, and seeding, it forms minute, rhombic 
prisms which when air-dry contain 1 molecule of water of crystalliza- 
tion. This is held very tenaciously and it required rather long heat- 
ing under reduced pressure over sulfuric add to remove the water 
completely for analysis, llie substance melts and slowly froths up 
at 158-160° with preliminary sintering. It is soluble in alcohol and 
acetone, and very sparingly in chloroform, benzene, and ether. 

Air^ty subskmce {dried at KXf in vacuo over 

CmHi709N-Hj 0. Calculated. Ha0 3.51. 

Found 3.30. 
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Anhydrous ndatanee. 

CuHnOtN. Calculated. C dQ.57, H 7.53. 

Found, (a). “ 60.38, “ 7.69. 

(b). “ 60J6, “ 7.49. 

Oxidation of Strophanthidin after Saponification. 

Strophanthic Acid. — ^In all attempts to oxidize stroplianthidin by 
the method of Feist, i.e. peimanganate in alkaline solution, we have 
obtained an obviously impure amorphous acid as the main product 
of the reaction. The crystalline strophanthic add of Feist was 
isolated only in relatively small amount. Since strophanthidin is 
easily subjected to a rather obscure alteration on boiling with alkali 
we have attempted to avoid this as much as possible by opening up 
the lactone group by the method used by Windaus and Hermanns 
in their titration of this substance. After many experiments the 
following method was found to give the best results. 

50 gm. of strophanthidin were refluxed for 1 hour in a mixture of 
5,000 cc. of alcohol and 3,750 cc. of 0.1 n sodium hydroxide solution. 
The solution was then concentrated under diminished pressure to 
remove all alcohol, diluted to 5 liters, and then oxidized by the gradual 
addition of 900 cc. of 5 per cent permanganate solution to the tur- 
bined mixture. Toward the end, the permanganate disappeared 
very slowly. The filtrate was acidified with acetic acid and concen- 
trated under diminished pressure to about 200 cc. The further 
addition of acetic acid in excess was followed after seeding by the 
slow deposition of the crystalline acid which was accelerated by 
warming the mixture. The collected acid was washed with a little 
50 per cent acetic acid and then with water. The yield was 7 gm. 
Acidification of the mother liquor to Congo red with sulfuric acid 
caused a gummy precipitate to form which could not be made to 
crystallize. The crystalline acid was suspended in a small volume 
of 50 per cent alcohol, dissolved by the addition of ammonia, and then 
repredpitated with dilute sulfuric add. RecrystaUized again from 
dilute alcohol, it formed needles which melt and effervesce at about 
270® (260.8° according to Feist). To the properties recorded by 
Feist we may add that in concentrated sulfuric add it gives a yellow 
color changing gradually through orange to red. In methyl alcohol 
[a]" is - 22.0° (c =» 1.000). 
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Calcukted. C 63.56, H 6.96. 

Found, (»). " 63.43, “ 7J3. 

(b). “ 63.45, “ 7.30. 

From the analytical data we have adopted, in agreement with 
Windaus and Hermanns, the formula CjtEEtoOi for the add. Contrary 
to Feist, however, the behavior of the substance towards alkali has 
shown it to be a lactone add. The explanation postulated by Wind- 
aus and Hermanns, that the substance originates by the conversion 
of a CHi grotip to COOH in the add obtained by saponification of 
strophanthidin, is therefore untenable. 

0.2000 gm. was suspended in ‘water and dissolved in the cold by 
the addition of a slight excess of 0.1 n NaOH. On titrating back to 
phenolphthalein, 9.10 cc. were used. The calculated amoimt for a 
dibasic CuHtoOg add is 9.18 cc. The opening of the lactone group 
requires somewhat more vigorous treatment than in the method used 
by Windaus and Hermanns for strophanthidin. 0.2004 gm. of the 
add refluxed for 2 hours in 25.0 cc. of 0 1 n NaOH consumed 14.00 cc. 
of the alkali. The calculated amount for 3 COOH is 13.80 cc. On 
addification of the mixture, the original add rapidly crystallized 
and was almost quantitatively recovered. This is contrary to the 
behavior of strophanthidin which is converted, under these condi- 
tions, into an isomeric modification, isostrophanthidin. We believe 
that this add is in reality an oxidation product of the latter. Since 
the ester no longer reacts with ketone reagents, the carbonyl group 
is no longer present. However, the formation of a benzoate shows 
the retention of an alcoholic group. In this add four of the eight 
oxygens present are accoimted for in the two carboxyls, two in the 
lactone group, and one in an alcoholic group. 

The Dimethyl Ester . — ^This was prepared with diazomethane in 
accordance with Windaus and Hermanns. These workers report 
a melting point of 214°. Our substance melted at 251-253°. The 
substance was soluble in alcohol, acetone, and chloroform, and with 
difficulty in benzene and ether. In expetiments to prepare the 
phenylhydrazone the ester was recovered unchanged. 

[ajj » —28.0* (c *= 0.995 in methyl alcohol). 

CWHwOl. OOcttlated. C 64.90, H 7.41. 

Found, (a). “ 64.90, “ 7.63. 

(b). " 64.70, “ 7.51. 
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The Benzoaie of the Dimethyl Ester . — ^This was prepared as usual 
from the ester in pyridine with benzoyl chloride. Recrystallized 
from methyl alcohol, it formed glistening prisms which melt at 233- 
235*’. It is soluble in chloroform and acetone, and particularly on 
warming in alcohol, ether, or benzene. The solution in acetone 
quickly deposits delicate needles which probably contain solvent. 

[«]^ ■" —7.0* (c •» 1.007 in acetone). 

CkHmO*. Calculated. C 67.81, H 6.76. 

Found, (a). “ 67.70, “ 6.69. 

(b), “ 67.70, “ 6.83. 




[Reprbted from Tbs Jousnal ov Biological CHsiasTRVi September, 1923, VoL hdi, 

No. 2, pp. 569-572.] 


STROPHANTHIN. 

III. Crystalline Kombe Strophanthin— Preliminary Note. 

By WALTER A. JACOBS. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, July 14, 1923.) 

Feist/ in 1900, was the first to attempt a careful study of the carbohydrate 
contained in strophanthin. His material, which was obtained from C. F. Boeh- 
ringer Sons of Waldhof, was supposedly Kombe strophanthin. The conclusion 
was reached that the sugar contained in the drug is the methyl ester of a disac- 
charide of mannose and rhamnose. More recently, in 1913, Brauns and Closson* 
worked with identified Kombe seeds and were unable to confirm the findings of 
Feist. On distiliation with acid, crystalline Kombe strophanthin as wdl as 
several commercial samples failed to give any appreciable amoimts of methyl 
furfural. The conclusion was reached that Kombe strophanthin contains no 
rhamnose. However, no suggestion was offered as to the real nature of the sugar 

In the year previous to the appearance of the above work, Heffter and Sachs* 
published their study of strophanthin prepared both from identified Strophanthus 
hispidus and commercial Kombe seeds. They were unable to prepare an osazone 
from the strongly reducing sugar fraction obtained from either of these glucosides. 
For this no explanation was offered. 

Following certain preliminary observations we obtained a quantity 
of seeds from the open market which gave uniformly the green color 
with sulfuric acid which is regarded as characteristic for the genuine 
Kombe seed. From this material the crystalline glucoside, which 
agreed in all properties with those described by the above workers, 
was readily isolated. 

In addition, however, it was foimd that the substance, when dis- 
solved in acetic acid containing ferrous sulfate and then treated with 
a few drops of sulfuric acid, quickly yielded a deep purple solution 


1 Feist, F., Ber, Chem. Ges., 1898, xxxi, S34; 1900, xxxiii, 2069. 

* Brauns, D. H., /. Am, FharmaceuU Assn,,, 1913, ii, 489, 604. Brauns, D. H., 
and Closson, 0. E., J, Am, Pkarmaceut, Assn,, 1913, ii, 715. 

* Heffter, A., and Sachs, F., Biochcm, Z,, 1912, xl, 83. 
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which, on dig^t dilution with water, changed to a blue.* The same 
test was given by a sample of crystaUine Kombe strq)hanthin kindly 
furnished us by Parke, Davis and Company from the material whidi 
had been prepared by Bratms and Qosson from identified Kombe 
seeds. The positive outcome of the KiUani reaction at once placed 
the sugar of Kombe strophanthin, in aU probability, in the group of 
the desozy compounds, digitozose and cymarose. This is also 
supported by the formation of greenish flocks when the sugar solu- 
tion was boiled with strong hydrochloric add. 

Up to the present, our attempts to prepare the sugar in crystal- 
line form have been unsuccessful. The failure to obtain an osazone 
is in agreement with the view that the sugar is a desozy compound. 
The methyl group in strophanthin is most likely contained in the 
sugar in the form of methozyl, as in the case of cymarose, the sugar 
which Windaus and Hermanns* prepared from cymarin. 

Attempts to prepare a crystalline phenylhydrazone or substituted 
phenylhydrazone have been thus far unsuccessful. 

From the formula which we have adopted for strophanthidin, 
CstHs20(, and on the basis of analytical data obtained with strophan- 
thin itself, it is suggested that crystalline Kombe strophanthin pos- 
sesses either the formula CiaH4gOi2 or CuHmOh. In accordance 
with this the sugar is either CjHisO? or CgHuOt or the methyl ether 
of a Cs or a Cr desozy sugar, respectively. An attempt is being 
made to obtain crystalline derivatives of the sugar. 

experimental. 

Commercial strophanthus Kombe seeds which gave uniformly 
the green color test with sulfuric add were worked up essentially 
according to the method used by Braims and Qosson with the ex- 
ception that, after dealing the solution with basic lead acetate and 
after subsequent removal of excess lead, the crystalline ^ucoside 
was oystallized directly by the cautious, addition of ammonium 
sulfate in an amount just insuffident to salt out the amorphous, 
gummy strc^hanthin. After several days the crystalline, flocculent 

^KOiani, H., Arch. Pharm., 1896, cczzxiv, 273; 1913, cdi, 575. 

* Windaos, A., and Hermanns, L., Ber. chem. Ges., 1915, zlviii, 979. 
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glucoside was filtered on a large funnel and washed with small por- 
tions of water. It was recrystallized at first by solution in alcohol, 
by addition of an equal voliune of water, and then by concentration 
under diminished pressure. When the alcohol was sufficiently re- 
moved, the glucoside crystallized readily as a mass of long, delicate, 
curved micro needles which were difficult to filter and wash. After 
severed recrystallizations the glucoside was recrystallized directly 
from water, a process which, as stated by Brauns and Closson, is 
accompanied by considerable loss. The glucoside then formed lus- 
trous, long, thin, pointed platelets or when rapidly cooled, long, 
curved, delicate threads which were often radially grouped. 

The substance possessed the recorded properties and melted when 
rapidly heated at 180-183°, followed by a slow frothing. When a 
small amount was dissolved in acetic add and then treated with a 
few crystals of ferrous sulfate, followed by a few drops of sulfuric 
add, the solution gradually developed a deep red-pmple color. On 
addition of a small amount of water, this changed to a blue and finally 
to green. This color resembles the reaction described by Ealiani 
for digitoxose and by Windaus and Hermanns for cymarose with the 
exception that they describe only a blue color. The identical reac- 
tion was given by a sample of Kombe strophanthin kindly furnished 
us by Parke, Davis and Company which had been prepared by Brauns 
and Closson from identified seed. 

Ja|” => 30.5® (c « 1.02 in 95 per cent alcohol) 

Air-dry substance {dried at lOCP in vacuo over H 1 SO 4 ). 

CaH«Oi,-3HjO. Calculated. H,0 7.96. 

CuH4«0u-3H20. “ “ 8.36. 

Found. “ 7.60. 

Anhydrous stibstance. 


C«H4 ,Ou. 

Calculated. 

C 61.50, H 7.75, OCH, 4.97. 

CiiHmOii. 

it 

“ 62.59, “ 7.80, “ 5.22. 


Found, (a). 

“ 62 02 , “ 7.52. 


(b). 

“ 62.30, “ 7.57. 


(c). 

OCH, 5.26. 


0.4051 gm. of anhydrous substance was refluxed for 45 minutes 
hi 25 cc. of 0.1 N NaOH and 25 cc. of water and then titrated against 
phenolphthalein. 6.7 cc. of alkali were used. Molecular weight 
is 60S. Calculated for C82H4gOu it is 624. For CtiHggOu it is 594. 
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5 gm. of crystalline strophanthin were dissolved in a mixture of 
40 cc. of 50 per cent alcohol and 10 cc. of concentrated hydrochloric 
add and allowed to stand 4 to 6 hours in the cold. The mixture was 
then diluted and allowed to stand with occasional rubbing. 2.7 gm. 
of strophanthidin were obtained. The mother liquor was neutralized 
with pure barium carbonate and the fltrate concentrated under 
reduced pressure to dryness. The residue was extracted with alcohol 
and the filtrate from barium chloride was concentrated to dr 3 mess. 
On dissolving the syrup in water an additional 0.3 gm. of strophan- 
thidin was recovered, the total yield amoimting to 3 gm. The 
theory for C»i or Cm is roughly 3.2 to 3.3 gm. 

In the sugar solution, the residual Cl ions were removed with silver 
sulfate and the filtrate was then treated with hydrogen sulfide. 
Sulfuric add, remaining in the filtrate, was removed quantitatively 
with barium carbonate. The filtrate yielded on concentration a 
dextro-rotatory S}Tup which still possessed a somewhat bitter taste. 
This ssrrup could not be made to crystallize and attempts to prepare 
an osazone were fruitless. Likewise, a crystalline phenylhydrazone, 
bromophenylhydrazone, and benzylphenylhydrazone could not be 
obtained. The reducing substance was partly soluble in ether and 
benzene and, from its tendency to become resinotis on standing, in- 
dicated its instability at least in the impure state. 



(Kcprinted &am Ite JomMiU. or xeb Axesican Chemical Socmn, November, 1923, 
XoL riv, No. 11, i^. 2503-2507.] 


A WATER-JACKETED HYDROGEN ELECTRODE. 

By henry S. SIMMS. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 
(Received May 21, 1923.) 

A hydrogen electrode cell has been designed to give rapid and 
accurate results and at the same time offer greater convenience in 
manipulation when working with certain fluids, than other types of 
cells. The results have been sufficiently satisfactory to warrant 
publication of a description of the cell. 

DESCRIPTION OP CELL. 

This cell is kept at constant temperature by means of a water 
jacket through which water from a thermostatic bath is circulated. 
It has a 3-bore, 4-way stopcock which performs all the functions 
required. This stopcock is bored as shown in Fig. 1. The three 
bores do not intersect. Bore c is used in both Position III and 
Position IV. In order that both ends of Bore c may coincide with 
the opening of the arm for the salt bridge, this opening of the arm 
must be elliptical in shape. The cell may be constructed of either 
Pyrex or ordinary glass. 

The Platinum Electrode is a spiral of platinized platinum wire sealed 
into a glass tube passing through a rubber stopper to the bottom of 
the cell. The tube contains mercury in order to make contact The 
stopper has a supplementary hole for the escape of hydrogen. Read- 
ings are taken with the electrode entirely immersed. The spiral 
serves, furthermore, to break up the bubbles of hydrogen, thus pro- 
moting rapid saturation. The electrodes are frequently changed and 
re-platinized. A fresh electrode must be saturated for a much longer 
period before the first reading is made. When not in use, the cell 
is kept filled with distilled water. 

The Calomd Cell is constructed with a water jacket and has a 
platinum wire sealed into the bottom and a mercury contact. In it 
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an placed mercury, adamel and mercury, and a soluti<m saturated 
HUth both potassium chloride and cahmieL It is filled to the top 
and when the striper is introduced the excess is forced out 

of the tube (which contains a loose plug of cotton), thus taimiWring 
all air bubbles. 



Fig. 1.— The water-jacketed hydrogen electrode cell. In Position I, Bore a 
connects the source of hydrogen with the cell; in Position 11, Bore b /v>T<n«ytt 
the cdl with the drainage tube; in Position HI, Bore c connects the cell with the 
salt bridge; in Position IV, Bore c connects the salt bridge with the drainage 
tube. Order of manipulation: 1, 11, IV, III. 

The Sail Bridge is “closed,” that is, not open to the atmosphere's 
pressure. When the liquid junction is formed there can be no flow 
of liquid. Saturated potassium chloride solution is used to 
liquid junction potential and, for convenience, is colored with «- 
aaurine G. A reservoir (D) of this solution is kqpt at constant levd 
by means of a glass tube connected with an inverted bottle of potas- 
aum chlmide solution on a shelf above the apparatus, and is con- 
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nected to the bridge by means of a stopcock (E) which is kept closed 
by an elastic band attached to a glass hook fused to the stopcock 
handle. One liter of potassium chloride solution will serve as a supply 
for a year. 

The Hydrogen, which is supplied from a tank with a reducing valve, 
is passed through water and then through a coil in the constant- 
temperature bath, from which it is brought to the electrode by means 



Fig 2. — Hydrogen-ion apparatus. A Potentiometer. B Galvanometer. 
C. Storage battery, single cell D Constant level reservoir of saturated potas- 
sium chloride solution E Self-closing stopcock connecting the potassium 
chloride reservoir with the salt bridge. F. Water-jacketed calomel cell. G. Salt 
bridge. If. Hydrogen electrode cell (of a different tj^je than described in this 
article) I Hydrogen elei trade cell described in this article. J. Hydrogen gas 
supply. K Dish to collect drainage L. .Automatic nipple for distilled water 
supply. 

of Tube J. The pressure of the hydrogen is regulated to about 
6-7 mm. of mercury. This gives an even flow of small bubbles when 
the stopcock (in Position I) is partly opened. 

Waier Circulation from the bath through the cells is accomplished 
by means of an “air lift” which is merely a siphon system through the 
cells into which air is injected to raise the water back up to the bath. 
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It is not essential for the functioning of the air lift that the bath be 
at a higher level than the cells. If the bath were on the same level 
as (or even below) the ceUs, the water after passing through them 
could be carried down to the floor and then raised to the bath by 
means of the air lift, thus circulating the water. 

MANIPITLATION. 

The hydrogen electrode cell has but a single stopcock which per- 
forms the following functions. First, in Position I, it allows hydrogen 
to be bubbled through the apparatus (for three minutes). Second, 
in Position II, it permits a few drops of solution to drain, and thus 
remove all bubbles of hydrogen.* Third, it is swung around (to 
the left) to Position IV, connecting the salt bridge with the drainage 
tube. Here no liquid can flow until Stopcock E is opened. Hence 
the stopcock of the cell is left open in Position IV while the operator 
reaches with the same hand to open Stopcock E, permitting a few 
drops of potassium chloride solution to drain. Thereafter it is 
necessary merely to release Stopcock E, since it closes automat- 
ically. This procedure has filled Bore c of the cell stopcock with 
potassium chloride solution. Fourth, it is then turned to Position III, 
thus forming the liquid junction, and a reading is taken. If another 
reading is desired, the stopcock is turned to Position II, where a few 
drops of solution are allow'ed to drain, and then turned to Position I, 
where the saturation with hydrogen is continued. 

DISCUSSION. 

This cell has the following advantages. 

1. Its temperature may be accurately controlled without inter- 
fering with its manipulation. It may be more conveniently handled 
than is the case with cells placed in an air or oil thermostat. 

2. The temperature of the tell is maintained with such constancy 
that a solution which is much colder or much warmer than the cell 

* In case the drainage of the solution (in Position II) is stopped by bubbles, 
the hole in the rubber stopper is closed with the forefinger of the left hand, while 
the fleshy portion of the right thumb is gently pressed on the filling cup of the 
cell. The pressure created will start the flow of liquid. 
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will be brought to the dented tonperature duxiug the three minutes 
required for saturation. Thus, a solution may be taken from the 
reMgerator and introduced directly into the cdl without being previ- 
ously warmed. 

3. One stopcock performs all the functions required, thus fnevent- 
ing accidental passage of gas into the salt bridge or of potassium 
chloride solution into the cell. 

4. The closed bridge prevents mechanical agitation when the liquid 
junction is formed. 

5. The liquid junction is only 6 mm. from the platinum electrode, 
thus permitting accurate readings even with solutions of low con- 
ductivity. 

6. One to two cc. of solution is suiBcient for 2 to 6 consecutive 
readings. 

v4cc«facy.--Bubbling with hydrogen for three minutes gives readings 
which do not change more than 0.1 to 0.2 millivolt even after two 
hours’ bubbling. Readings are reproducible to 0.01 pH. 

The fact that the whole system is not at the same temperature 
should produce no appreciable error, since the liquid junction is at 
practically the same temperature as the electrodes and no potential 
can be produced by temperature variations in the bridge. 

The “open stopcock” junction is subject to the usual arors. 

SUMMARY. 

A simple water-jacketed hydrogen electrode cell of the bubbling 
t 3 rpe is described which is accurately maintained at constant tem- 
perature with water from a bath, circulated by means of an air lift. 

It gives accurate readings reproducible to 0.01 pH with 1 or 2 cc. 
of solution after three minutes’ saturation with hydrogen, even with 
solutions of low conductivity. 

It has a single stopcock which performs separately the Mowing 
functions: It permits (1) bubbling of hydrogen gas through the 
solution; (2) drainage of solution; (3) drainage of potassium (Moride 
solution from the salt bridge; (4) formation of liquid junction. 




(ReprintedfromlteJoDtiiALOt Expsuicentai. Msoicrax,Octeberl,1923,VoL xav^ 

No. 4, i>p. 407-418.] 


A METHOD FOR THE PHYSIOLOGICAL STUDY OF TISSUES 

IN VITRO. 

By ALEXIS CARREL, MJD. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

Plates 30 Ata> 31. 

(Received for publication, May 21, 1923.) 

The aim of the method described in the present paper is to maintain 
tissues in a condition of uninterrupted growth in a medium which does 
not deteriorate spontaneously. This simple idea has doubtless 
occurred to many experimenters, but great technical difficulties have so 
far prevented the development on this principle of a method of 
cultivating tissues. The problem consists of giving the cells the 
necessary food material and removing the catabolic substances from 
the medium without disturbing the tissues and without bacterial 
ccmtamination. It has been solved by the construction of con- 
tainers and instruments permitting the aseptic handling of the 
cultures, and by the use of a medium composed of two parts, solid and 
fluid, the solid medium being continually bathed by the fluid medium 
which is changed as often as necessary. 


I. 

Preparation and Handling of the Cultures. 

1. Containers and Instruments . — The containers are flat, round 
flasks with narrow, oblique necks through which tissues and media 
may be introduced and removed. The neck is 3 cm. long and 1 cm. 
wide, and can be easily sterilized in a Bunsen flame. The width of 
the neck and its inclination are such that tissues and fluids are ea^y 
introduced with a pipette, and particles of dust cannot fall into the 
culture medium while the flask is opened. It is closed with absorbent 
cotton and a rubber cap. The flasks belong to five types (Fig. 1), 
and each type may be made in two sizes, 5 cm. or 8 cm. in diameter. 
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Type A bears a tap opening 3 cm. in diameter, and is used for the 
cultivation of tissues which cannot be handled conveniently through 
the neck of the flask. The opening is closed by a disc of ^ass, fixed 
with shellac. Type B has two necks at the q>posite sides of equal 
diameter and no tc^ opening. It is convenient when the preparation 
of the culture requires the handling of the tissues with two instruments, 
which are introduced through the opposite necks, l^e C has a 
long neck, a bottom opening closed by a thin mica plate, and also a 
top opening. It may easily be inverted imder a microscope for 
photography or examination under high power of the living tissues. 
After the culture has been fixed in formaldehyde, the bottom of mica is 
excised with ordinary scissors or unsealed without disturbing the solid 
medium. Then the tissues and their medium, adherent to the thin 
mica plate, may be stained and studied under high magnification. 
Type D has only one neck and is commonly used for the cultivation 
of fibroblasts, epithelium, leucocytes, and virus, and for the study of 
cell secretions. Type E resembles Type D, and possesses a bottom 
opening covered with mica. Flasks A, B, and D are made of plain 
glass which allows the tracing of the cultures in a projectoscope and 
also low power microscopic examination. When cytological studies 
are required flasks of Types C and £ are used. 

The tissue fragments are handled and introduced into the flask 
with long platinum spatulas, strai^t or curved, and mounted on a 
glass rod (Fig. 2). Other kinds of spatulas are used for cutting the 
solid medium, when part of the culture has to be removed from the 
flask. The introduction of the fluids into the flask is made with short, 
graduated pipettes with rubber nipples (Fig. 3). The fluids are re- 
moved through a large hollow needle 4 cm. long, connected by rubber 
tubing with a vacuum apparatus (Fig. 3). The aspirating needle is 
also used when aeration of the culture is needed. 

2. Culture Medium . — The culture medium is composed of two parts, 
s<flid and fluid. The solid medimn consists of a coagulum of fibrin 
obtained from plasma or fibrinogen. When fibrinogen forms the 
basis of the dot, the fibrin is protected from digestion by a little 
serum or, when serum canuot be used, by a small amount of sodium 
linoleate or suspension of egg yolk. The vdume of the solid medium 
in a flask 5 cm. in diameter should be 2 cc. If it is larger, the coagulum 
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becomes too thick and the tissues ^are isolated from the fluid medium 
by a layer of fibrin through which the diffusion of nutrient and 
catabolic substances is very slow. The volume of the fluid medium 
is generally 1 cc. The asepsis of the fluids tised in the compoation of 
the mediiun must be ascertained by the proper bacteriological tests, 
and the H ion concentration by the colorimetric method. 

The plasma is introduced first. Generally 0.5 cc. of plasma is 
injected into the flask, which is gently tilted in order that the whole 
bottom may be moistened. This prevents the loosening of the 
coagulmn from the glass surface, which may otherwise occur after a 
few days. Then 1 .5 cc. of Tyrode solution, containing 5 per cent tissue 
extract, is introduced and mixed with the plasma. When a fibrinogen 
suspension is used instead of plasma, it is introduced in the same 
manner. To 0.5 cc. of fibrinogen suspension is added 0.5 cc. of doubly 
concentrated Tyrode solution. Then 0.5 cc. of Tyrode containing a 
little sodium linoleate or serum, and 0.5 cc. of dilute embryonic tissue 
extract, are introduced. Before coagulation takes place, the frag- 
ments of tissues, carried on a platinum spatula, are placed in the 
medium. If there are many fragments, they are suspended in Tyrode 
solution and injected with a pipette. After coagulation has taken 
place, the fluid medium is poured on the surface of the dot, and the 
neck of the flask is flamed and tightly dosed. 

The fluid medium must be changed every 2nd, 3rd, 4th, or 5th day, 
according to the nature of the medium and the tissues. The flasks 
are brought into a room where the air has been sprayed and is prac- 
tically free of dust. The rubber caps are removed and the neck is 
carefully flamed. Then the fluid is withdrawn by means of the 
aspirator (Fig. 3) or a pipette, and the new fluid introduced. The 
neck is again flamed and dosed. The time required for changing a 
complex mediiun varies from 45 to 75 seconds. It is generally possible 
to handle about 60 flasks in 1 hour. If a fragment of the culture has 
to be transferred to another flask, the coagulum is detached with a 
spatula and rmnoved through the neck of the flask. Then the tissues 
are dissected and a new culture is made. 

3. Measurement of tite Rate of Growth and ExaminaHon of the Cells.— 
The flasks are placed in a projectoscope and the outiine of the tissue 
is traced every 1 or 2 days. As the thickness of the solid medium and 
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the density of the fibrin meshwork are about uniform, the increase 
in area of the tissue aspresses the increase of its volume with some 
accuraqr. When the area is plotted in ordinate and the time in 
abscissa, the curve m^ressing the growth of connective tissue or of 
epithelium is a parabda. 

Microscopic examination of the tissue can be made with low power 
through the bottom of Flasks A, B, and D, and with hi^ power 
through the mica sheets of Flasks C and £. 

The tissues are fixed, the flask being still in the incubator, by warm 
Ringer solution containing 2 per cent formaldehyde. After fixation, 
the culture is washed and detached from the flask, then stained, or 
sectioned and stained. But the tissues are often damaged in the 
process of removal from the bottom of the flask. Therefore, when 
microscopic examination is needed, the tissues are grown on the 
bottom of Flasks C and £. 

n. 

Characteristics of the Growth. 

The fibroblasts were obtained from an 11 year old strain of con- 
nective tissue, or from the heaj^t of chick embryos. They were 
imbedded in the coagulum covering the bottom of the flask and bathed 
in the fluid medium. When the fluid medium was composed only of 
Tyrode solution or serum, the fibroblasts used the food material 
stored in the tissue fragment itself. Then, the rate of growth became 
slower and ultimately the tissues died. The duration of the life of 
the culture in this non-nutrient medium expressed the residual activity 
of the tissue and its graphic representation is generally a long S-shaped 
curve (Text-fiig. 1, Curve AB ) . When the fluid medium contained some 
nutrient substances, the tissues increased regularly in mass (Fig. 4). 
The diameter of the new colony might reach 1.8 or 2 cm. after 2 or 
3 weeks, and the curve of the growth was a parabola (Text-fig. 1, 
Ciurves AC and AD). 

The rate of growth was modified by minute changes in the con- 
stitution of the medium. When bacterial contamination occurred, 
the rate of growth decreased and the tissues died (Text-fig. 2). Slight 
difierenoes in the composition of the medium brou^t about marked 
differences in the rate of growth. During the fiirst days of life of the 




'Text-Fig. 1. Curve AB, growth of fibroblasts in a medium containing no 
nitn^en. Curve AC, growth of fibroblasts in a medium containing 21 mg. 
nitrogen per 100 cc. Curve AD, growth of fibroblasts in a medium containing 
30 mg. of nitrogen per 100 cc. 
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cultures, these difierenoes were not apparent, but after 2 or 3 weeks, 
became evident (Text-fig. 1). 

The changes in the rate of growth of a given tissue under the 
influence of another tissue could also be studied. For instance, when 
a cdony of leucoc 3 des, growing imder the influrace of serum, reached 



Text-Fig. 2. Growth of a culture of fibroblasts which became infected on the 
ilth day and ultimately died. 

tbe edge of a resting culture of fibroblasts, these cells began to pro- 
liferate again. 

Epithelial grew as a membrane at the surface of the coagulum. 
The curve of growth was also a parabola. The rate of growth of 
^ithelium was always less rapid than that of fibroblasts. 
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Leucocjrtes from the blood and wandering cells from the spleen 
were cultivated in Flasks D and E. From ^leen fragments, abont 
1 sq, nrim. of wandering cells migrated and in 30 or 35 days covered 
an area of about 2,000 sq. mm.; that is, the entire medium. leu- 
coc 3 rtes from small blood dots grew dosely packed together and later 
formed a number of small colonies scattered through the medimn. 
These colonies originated by the grafting on the surface of the coag- 
ulum of groups of cells which floated into the fluid medium. They 
never a^egated in a tissue, and an accurate measurement of the 
area invaded by them was not possible. 


m. 

Accidental Causes of Death. 

When the solid mediiun remains imaltered, and the proper nutrient 
fluid is added to it from time to time, the tissues invade the coagulum 
progressively. But several factors may interfere with their growth 
and bring about premature death. The more important of these 
factors are bacterial contamination, changes in the H ion concen- 
tration of the medium, and alteration of the coagulum. 

The first is generally due to the contamination of the fluids com- 
posing the medium during their preparation; to non-sterile instru- 
ments, pipettes, or spatulas; to contact between the fluid medium and 
the stop|>er of the flask, and finally to contamination from the air. 
Plasma is never contaminated because, being received directly into 
tubes, it is not exposed to air and contaminating contacts in the course 
of its preparation. As Tyrode solution is sterilized by filtration 
through a Berkefeld filter, it is almost never a soiuce of contamination. 
Tissue juice is often responsible for contamination. However, the 
following technique usually yields an aseptic preparation. The 
embryos are extirpated carefully from the egg or from the utous, and 
immediately introduced into a Latapie apparatus. Then, the pu^ 
is received in a graduated flask and the necessary amount of Tyrode 
solution is added. After centrifugation, the extract is placed in a 
number of small tubes in order that the contents of each tube may be 
used entirely, after the tube is opened. The condition of each tube 
must alwa 3 rs be tested by cultivation of a sample of fluid in bouillon 
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and on agar. As scnne bacteria develop veiy slowly, these cultures 
have to be kept under observation for 5 or 6 days, before the fluids 
can be conddered as stmle and used for the growth of tissues. Practi- 
cally all the failures could be traced to a contamination of the tissue 
juice which had been overlooked in the examination of the bacterial 
cultures. The opening of the flasks, the aspiration of the fluid, and 
the introduction of new medium practically never give rise to con- 
tamination, because the neck of the flask and the spatulas are easily 
sterilized in a Bunsen burner flame, and the pipettes are easily kept 
aseptic. Contamination may also be traced to contact of the fluid 
medium with the cap when the flasks are handled without sufficient 
care. None occurs as long as the fluid medium does not penetrate 
the oblique neck during the transportation of the flasks. When the 
flasks are carried in a tray especially constructed, where they are 
placed vertically, with the neck up, there is no contact of the fluid with 
the stopper, and the number of bacterial contaminations is much 
lessened. 

The infection by air appears to be very unusual. In the room 
where the flasks are opened and the fluid medium is replaced, the 
ninnber of bacterial colonies found in half an hour on Petri dishes 
about 100 sq. cm. in area is only 3. As the section of the neck of the 
flasks is less than 1 sq. cm. and the time during which the flask is 
opened does not exceed 30 seconds, the chances of contamination by 
air are extremely small. Besides, if a few particles of dust should fall 
inside the neck, they would be destroyed by the flaming which always 
precedes the closing of the flask. When the air contained in the 
flasks is aspirated and replaced by the air from the room, contamina- 
tion is also quite exceptional. 

Another cause of death of the tissues is a change in the reaction 
of the medium. When the pH of the mediiun is higher than 8, the 
growth decreases and sometimes ceases entirely. The excess of 
alkali may come from the glass. Therefore, every new flask has to 
be tested from this point of view before being used. Generally the 
alkali comes from insufficient washing. A special apparatus has been 
made for rinsing the flasks after they have been cleansed with sodium 
hydroxide. Since its use, no losses due to excess of alkali have 
occurred. A more frequent source of accident is add formation. 
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When the pH of the culture is lower than 7.2, the rate of growth is 
markedly modified and the tissues die. This is generally due to a 
spontaneous change of the tissue extract which occurs mainly when 
particles of tissues are suspended in the fluid. The H ion concen- 
tration of every fluid used in the cultures must be tested and adjusted 
to 7.6 or 7.8. 

When the fluid medium is composed only of tissue juice, the fibrin 
may become partly digested after a few days. This accident is 
prevented by adding to the tissue juice a small amount of serum, 
which protects the fibrin against the proteolytic enzymes. Sodium 
linoleate or egg yolk may be substituted for serum. When the begin- 
ning of the digestion of the fibrin is observed, a few drops of plasma 
are placed at the surface of the coagulum and the tissues generally 
resume their normal growth. 

IV. 

DISCUSSION. 

The elucidation of the fundamental relations between the tissues and 
the humors of the organism "would require an analysis of the action of 
the serum constituents on piue strains of cells, of the effect of the 
secretions of those cells on the composition of serum, and of the in- 
fluence of the tissues upon one another. The main requisites of a 
method permitting such an investigation are to maintain pure cul- 
tures of cells in a condition of uninterrupted growth in a medium of 
practically unchanging composition. We already possess techniques 
by which strains of fibroblasts,* epithelial cells,® and leucocytes* may 
be isolated and kept free from contamination by other cells. But 
these tissues must be maintained in a known condition; that is, in a 
medium which does not deteriorate spontaneously. As the activity 
of a tissue is a function of the concentration of certain substances in 
its medium,* it is evident that the effect of a given factor on cell 
proliferation or morphology cannot be ascertained if at the same time 
the medium undergoes spontaneous and ill defined modifications. 

* Ebelin*, A. H., J. Exp. Med., 1922, xxxv, 7S5. 

* Fischer, A., J. Exp. Med., 1922, xxxv, 367. 

* Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, xxxvi, 365. 

* Carrel, A., J. Exp. Med., 1913, rviii, 287. 
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None of the tedbniques used so far fulfil these two main conditions. 
Ih the earty method of so called cultivation of tissues, which is still 
employed by many experimenters, a fragment of fresh tissue, generally 
embryonic, is placed in a drop of plasma* or saline solution,* and for 
a few days migration and multiplication of cells may be observed. 
But the phenomenon is irregular and of short duration, and no 
increase in the mass of the tissues is observed. When the area of a 
pure culture of fibroblasts so cultivated is accurately measured, the 
curve of the growth resembles that of a unimolecular autocataI}rtic 
reactimi. The second inflection of the S-shaped curve be^s after 
48 hours,^ and is due to a change of the medium which greatly restrains 
the rate of growth and brings about the death of the cells. During 
48 hours only, the growth is uninfluenced by the progressive deter- 
ioration of the medium. Later, the action of a given factor on the 
growth of fibroblasts cannot be studied on account of the simultaneous 
effect of the modifications of the medium on the tissues. 

In order to prevent the effect of the deterioration of the medium, a 
method was developed long ago* in which the tissues were removed 
from the medium after 48 hours, washed in Ringer solution, and 
placed in a new medium. By the continual transfer of the tissues 
from medium to medium,' the cells were maintained in an identical 
condition, and the rate of growth of a strain of connective tissue, 
cultivated in this manner for more than 11 years, has not varied.' 
Today these fibroblasts multiply with the same velocity as 10 years 
ago. Many physiological problems have been investigated with the 
help of this technique. But it cannot be applied so effectively to 
more delicate structures such as epithelium and leucocytes. The 
amount of tissue is very small and the presence of secretions caimot 
be ascertained. Moreover, the section of the tissues and their transfer 
require a great deal of training and manual skill.* As the growth is 
interrupted every 48 hours, the prolonged action of a given factor must 

* Carrel, A., and Burrows, M. T., J, Exp. Med., I 9 II, xiii, 387. 

* Lewis, M. R., Anat. Rec., 1916-16, x, 287. Lewis, M. R., and Lewis, W. H., 
J. Am. Med. Assn., 1911, Ivi, 1795. 

* Ebdling, A. H., unpublished e}q>eriments, 1919. 

* Carrel, A., J. Exp. Mei., JM2, xv, 516. 

* Ebeling, A. H., /. E*p. Med., 1921, xxxiv, 231. 
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be observed during a number of passages. Thus> it involves mudi labor, 
and the process of growth caxmot be eaq>ressed graphicaUy in a satis- 
factory manner. For these reasons, an attempt was made to develop 
a better method. 

It seems that the technique described in this article, although for 
from perfect, may be applied to the solution of many problems and 
fulfill most of the conditions required for a physiolo^cal study of 
tissues in ntro. However, the medium deteriorates in scune measure 
because the substances contained in the fibrin do not diffuse entirely 
into the fluid which covers its surface. The coagulum, incompletely 
washed by the fluid medium, may be slowly modified by the sub- 
stances which progressively accumulate in its meshwork. But the 
parabola expressing the increase of the tissues indicates that the 
growth proceeds at a constant rate for 2 or 3 weeks, instead of 2 days 
as in the hanging drop technique. A culture of fibroblasts or of 
epithelium can be kept in a D flask for about 3 weeks in a condition 
of active life. This space of time is longer than necessary for the 
study of most physiological phenomena. Leucocytes can remain 
in excellent condition for at least 35 days,“ and the coagulum is 
practically as transparent after this period of time as on the 1st day, 
although it may be completely invaded by the wandering cells. As 
fifteen or twenty fragments of tissues or of leucocytic film can be 
placed in a D flask containing 2 cc. of medium, the nature of cell 
secretions can be investigated in some measure. 

The growth, being uninterrupted, may be represented graphically, 
and the part played by the constituents of the medium in the growth 
analyzed without diffiadty. The characters of the curve vary accord- 
ing to the nature of the medium. In a nutrient medium the growth is 
expressed by a parabola and in a preservative medium by an S-riiaped 
curve. This curve is the measure of the residual activity of a tissue. 
It is known that the activity of a tissue at a given instant is function 
of at least three independent variables, the inherent cell activity at the 
preceding instant, and the concentrations of growth-activating and 
growth-inhibiting substances in the medium. The inherent activity 
of a tissue may be defined as that which would be displayed during 
an instant in a medium deprived of all nutrient substances. The 
energy used by a tissue in that condition would be supplied by the 

Carrel, A., unpublished experiments, Fdjruary, 1923. 
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lood Battanal stoced ia, ^ cells or in the interstitia} lyn^ and not 
1^ the medium. Tys iobeiient activity cannot be measnxed directly. 
But it is certainly proportional to tbe residual activity; that is, to the 
increase in area of the tissue and to the duration of its life in a pre- 
servative non-nuttient medium. The residual activity being known, 
it is easy to measure the part which is played in the process of growth 
by the nutrient substances of the medium. The area ABD in Text- 
1 represents the increase of the tissue due to the action of the 
medium; that is, the amount of protoplasm built up by the cdls from 
the nutrient substances contained in the medium. 

There is no doubt that this method permits the measurement, 
ocm'miiently and without great labor, of the effect of many factors 
on cell prdiferation, and will therefore help in the study of physio- 
k^cal and pathological problems. 

V. 


CONCLUSIONS. 

1. A method has been developed which allows the continuous 
growth of pure strains of fibroblasts, epitheliiim, and leucocytes in a 
medium which undergoes but slight spontaneous deterioration. 

2. The prindple of the method is to leave the tissues xmdisturhed 
while the medium is dianged. This was realized by special containers 
allowing the change of the medium without bacterial contamination 
and by the simultaneous use of a solid and a fluid medium. 

3. The curve of growth of pure cultures of fibroblasts and epithelial 
cells in a nutrient medixim is a parabola; in a non-nutrient medium, 
it is S-shaped and expresses the residual activity of the tissues. 
Leucocytes invade the culture medium progressively, as do bacteria, 
but never aggregate in a tissue. 

4. Ihe method is used for the study of the morphological and 
(^amic changes occurring in tissues imder the influence of chemical 
and ph 3 ^ical factors. 

EXPLANATION OF PLATES. 

PiAiz 30. 

F(o. 1. Flasks A, B, C, D, and E. 

FTo. 2. Introduction of tissues into a D-S flask with a spatula. 

Plate 31. 

Eto. 3. Aq>iration of the fluid. 

Eto. 4. Culture of fibroblasts in a D flask. 
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AOTAGONISTIC GROWTH PIUNaPtES OF SERUM AND 
THEIR RELATION TO OLD AGE. 

By ALEXIS CARREL, M.D., Am AL^RT H. EBELING, lfJ>. 
iFrom die Laboratories of The RochtfeUer Institute for Medical tLesearch.) 
(Received for publication, May 21, 1923.) 


1 . 


INTRODUCTION. 

The restraining effect of sertim on homologous fibroblasts can be 
attributed to the antagonistic action of growth-activating and growth^ 
inhibiting substances, the effect of the inhibiting substances always 
being more pronounced than that of the activating substances.^ 
The activating substances are thermolabile* and accompany the 
precipitate obtained by bubbling carbon dioxide throu^ diluted 
serum.® They are probably of the same nature as the growth- 
activating substances contained in embryonic tissue juice® and leuco- 
cytic extracts or secretions,* and may be considered as the product of 
gland and leucocytic activities.* The inhibiting substances resist 
heat at 65°C.,* and remain in the serum with the albumin fraction.* 

It may be supposed, therefore, that the enhanced restraining action 
of serum in old age is caused by a decrease of the activating sub- 
stances, or by an increase of the inhibiting substances, or by both. 
In order to test this h3'pothesis, the effect of heating the sera of young 
and old animals at 6S®C., and of precipitating it by carbon dioxide, 
was studied. If the serum of an old anhpal contains a lesser amount 

‘ Csml, A., and Ebding, A. H , J. Exp. Med.^2i, xzxiv, 599; 1922, xxzvl, 399. 

*CaiTel, A., and Ebeling, A. H., J. Exp. Med., 1923, xxxvii, 653. 

* Catrd, A., and Ebeliqg, A. H., /. Exp. Med^ 1922, xxxv, 647. 

* Caird, A., /. Exp. Med., 1913, xvii, 14. 

* Carrel, A., and Ebding, A. H., J. Exp. Med., 1922, xxxvi, 365. Carrd, A., 
JL ^p. Med., 1922, xxxvi, 385. 

* Carrd, A , and Ebdi^ A. H., J. Exp. Med., 1922, xxxvi, 645. 
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of tixanolat^, activating substances than that of a young animal, 
the Inhibiting action of the heated serum of a yoimg animal should 
be relatively more enhanced than that of an old animal. At the 
same time, the substances precipitated from the serum of an old 
unimal by caxbon dioxide should not stimulate the multiplication of 
fibroblasts so much as the substances obtained frmn the serum of a 
young animal 

n. 

Action on Homologous Fibroblasts of the Heated Sera of Young and 

Old Chickens. 

Hie serum obtained from the plasma of chickens 10 months and 6 
years old was heated for 1 hour at 65°C. Its inhibiting action was 


TABIf; I. 

Rate of Growth of Homologous Fibroblasts in Serum, Heated at 6PC. for 1 Hour, 
from a 10 MotUh Old Chicken. 



i 

Rate of growth in 

Ratio; 

B 

C* 

Serum. 

Gronp 

Cvltun 

No. 

leium. 

Original. | 

Heated. 

Unheated 

(C). 

Heated 

(£). 

pH 

Refractive 

index. 

pH 

Refractive 

index. 

1 

31S52 

3.61 

2.15 


0.60 

8.0 

1.3354 

7.8 

1.3353 

2 

31853 

3.55 

2.23 


0.63 

8.0 

1.3354 

7.8 

1.3353 

Averase. 

0.62 


1 




* Eadi groi^ was composed of four experiments. 


TABLE n. 

Rate of Growth of Homologous Fibroblasts in Serum, Heated at 65°C. for 1 Hour, 
from a 6 Year Old Chicken. 




Rate of growth in 

Ratio. 

. £ 

Serum. 


Culture 

No. 

aerum. 

Original. | 

1 Heated. 

Unheated 

(O. 

Stoted 

(i). 

C 

pH 

Refractive 

index. 

pH 

Refractive 

index* 

1 

31854 

l.PS 

1.67 


8.0 

1.3370 

8.0 

1.3370 

. 2 

31855 

1.95 

1.60 

la 

8.0 

1.3370 

8.0 

1.3370 

Avmge* 

0.84 






* Each grot^ was ccaxqiosed of four experiments. 


















































ALEXIS CASBEL AND ALBEKT H. XBEUNG 


357 


ascertained by comparing the rate of growth of hbroUasta obtained 
from an 11 year old strain in media containing 50 per cent unheated or 
heated sera. 

In two groups of four experiments, the effects of unheated and 
heated sera of young and old animals were compared. After being 
subjected to heat, the sera of the yoimg chickens became 38 per cent 
more inhibiting, while that of the old chickens became only 16 
per cent more inhibiting (Tables I and 11). 

There was no doubt that the action of heat increases the inhibiting 
action of the serum of a young animal comparatively more than that 
of an old animal. Therefore, it may be assiuned that in old age the 


TABLE III. 

Rate of Growth of Homologous Fibroblasts in Sera from a 10 Month and a 6 Year Old 

Chicken. 




Rate of growth in 

Ratio. 

E 

C’ 

Serum. 

Group 

No.^ 

Culture 

No. 

serum. 

1 Young. 

Old. 

Young 

(C). 

Old 

(£). 

pH 

Refractive 

index. 

pH 

Refractive 

index. 

1 

317S6 

3 74 

1.96 

0.52 

8 2 

1.3370 

8.2 

1.3390 

2 


3.29 

2 29 

0 70 

8 2 

1 3370 

8.2 

1.3390 

Average 

0 61 






* Each group was composed of four experiments. 


serum contains relatively less thermolabile growth-activating sub- 
stances than in youth. 

Then it was sought to ascertain whether the heated serum of an old 
animal is still more inhibiting than that of a young animal, or whether 
the inhibiting power has become similar. In two groups of four 
experiments, the action of the serum of a young animal was com- 
pared to that of an old animal. The rate of growth of fibroblasts was 
39 per cent slower in the serum of the old animal than in that of the 
young one (Table in). The same experiment was repeated after the 
seta had been heated, and the inhibiting action of the serum of the 
old animal was still 24 per cent greater than that of the young aninud 
(Table IV).' Then, the increased inhibiting action of serum in old 
age caimot be considered as due only to the disappearance of thermo- 
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lal^e, activating substanon, but also to a more marked effect of tiie 
iobibiting {uiau^les. 


TABLE IV. 


Rak of GrowA of Homologous Fibroblasts in Sera, Heated at 6S^C. for 1 Hour, from 
a 10 Month ond a 6 Year Old Chicken. 


0 


Rate of growth in 

Ratio: 

Serum. 

Group 

No/ 

Culture 

No. 

neated 

aerum. 

Young. 

Old. 

Youag. 

(C). 

Old. 

(Eh 

C 

pH 

Refractive 

index. 

pH 

Refractive 

index. 

1 

31838 


Bl 

Bl 

7.8 

1.3353 

8.0 

1.3370 

2 

31843 

Bl 

m 

mm 

7.8 

1.3353 

8.0 

1.3370 

Averaee. 

0.76 






* Each group was composed of four experiments. 


TABLE V. 


Action of CO 2 Precipitate, from Sera of Young Chickens, on Ute Rate of GrowA of 

Homologous Fibroblasts. 


Group 

No.* 

Culture 

No. 

Age of 
animal. 

Rate of growth in. 

Ratio. 

E 

C* 

Tyrode solution. 

Precipitate solution* 

Tyrode 

solution 

(C). 

Precipi- 

tate 

solution 

(-E). 

pH 

Refractive 

index. 

pH 

Refractive 

index. 



mor. 







i|||||||||||||||^^ 

1 

31689 

10 

9.34 

9.75 


00 

1 3285 

7.8 

1.3310 

2 

31702 

10 

4.84 

S.83 

1.19 

7.8 

1 3285 

7.8 

1.3310 

3 

31783 

10 

4.37 

5.15 


7.8 

1.3285 

7.8 

1.3300 

4 

31800 

10 

4.62 

5.34 

1.17 

7.8 

1.3285 

7.8 

1.3300 

5 

32142 

3 

4.92 

6.12 


7.8 

1.3279 

7.8 

1.3291 

6 

32154 

3 

4.63 

5.54 

1.22 

7.8 

1.3279 

7.8 

1.3291 



yr. 








7 


1 

5.01 

5 82 


7.8 

1.3280 

7.8 

1.3289 

8 

32114 

1 

6.58 

7.74 

1.17 

00 

,1.3280 

7.8 

1.3289 

Average 

1.19, 






* Eadi group averaged from two to four experiments. 
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m. 

AcHon on Homologous Fibrohlasts of the Carbon Dioxide Precipitate 
Obtained from Sera of Young and Old Animals. 

The sera from 3 month, 10 month, 3 year, and 6 year old chickens 
were precipitated by carbon dioxide according to a technique pre- 
viously described.* The precipitates were dissolved in lyrode solu- 
tion and the effect of the respective solutions on homologous fibro- 
blasts was compared to that of T 3 n:ode solution. 

TABLE VI. 


Action o/ COj Precipitate', from Sera of Old Chickens, on the Rate of Grcwfh of 

Homologous Fibroblasts. 





Rate of growth in. 

Ratio* 

E 

C’ 

Tyrode solution. 

Precipitate solution* 

Group 

No/ 

Culture 

No. 

A^eof 

animal 

Tyrode 

solution 

(C) 

Precipi- 

tate 

solution 

(£). 

pH 

Refractive 

mdez. 

pH 


1 

31784 

yrt, 

3 

4 60 

4 38 


7.8 

1.3285 

7.8 


2 

31801 

3 

4 61 

4 53 


7 8 

1.3285 

7.8 

1.3300 

3 

32123 

3 

5 51 

6 06 


7.8 


7.8 

1.3285 

4 

31690 

6 

11.05 

11 23 


7.8 

1 3285 


1.3310 

5 

31703 

6 

5 33 

5 14 


7.8 

1.3285 

8.0 

1.3310 

6 

32102 

6 

4.86 

5 13 


7.8 

1 3280 

7.8 

1.3290 

7 

32113 

6 

5.87 

5.99 


7.8 

1 3280 

7.8 

1.3290 

Average 





1 03 






* Each group averaged from two to four experiments. 


The growth of fibroblasts in 48 hours was 16 per cent larger in the 
precipitate solution of the serum of the young animals than in Tyrode 
solution (Table V), while the activity of the precipitate solution from 
the serum of the older a-nimals was about identical with that of the 
Tyrode solution (Table VI). This was a direct proof of the dis- 
appearance of the growth-activating substance of serum during the 
course of life. 
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TABLE VIL 


AeHm 0/ Serum, ^ter Rmmal of COt Precipitate, from Young Chtckens, on Uui Rate 
of Grototh of Eomologous Fibroblasta. 




■ 

Rate of growth in 

Ratio: 

B 


Serum* 


Gipim 

NoT 

Oulttue 

No. 


•erum. 

Original. 

Treated 

H 


Treated 

(fi). 

C 

pH 

Refractive 

indeot. 

pH 

Refractive 

indet. 

1 

II 

MOf. 

3 

3.68 

2.91 


8.0 


8.0 


2 


3 

3.83 

3.08 

0.80 

8.0 

1.3338 

8.0 

1.3322 

3 

31719 

10 

4.96 

4.55 


8.2 

1.3370 

8.2 

1.3343 

4 

31732 

10 

3.59 

3.11 


8.2 

1.3370 

8.2 

1.3343 

5 

31782 

10 

3.35 

2 64 

1 

7.2 

1 3410 

7.2 

1.3386 

6 

31798 

10 

3.03 

2.43 


7.2 

1.3410 

7.2 

1.3386 

7 


H 

2 22 

1.85 


7.8 

1.3360 

7.8 

1.3348 

8 


II 

3.28 

2.84 


7.8 

1.3360 

7.8 

1.3348 

Avenure 




0.83 






* Each group averaged from three to four experiments. 


TABLE Vm. 


Action of Serum, after Removal of COt Precipitate, from Old Chickens, on the Rate of 
Growth of Homologous Fibroblasts. 





Rate of growth in 

Ratio: 

B 


Serum. 


Group 

Culture 

No. 

Age of 

•eruin. 

Original. 

Treated. 


Orj^ial 

Treated 

{E). 

pH 

Refractive 

uidez. 

pH 

Refractive 

index. 

1 

32122 

jn. 

3 

2.23 

2.09 

0.94 

7.8 

1.3408 

7.8 

1.3372 

2 

32100 

6 

1.84 

1.71 


7.8 

1.3361 

7.8 

1.3350 

3 

32111 

6 

2.23 

2.09 


7.8 

1.3361 

7.8 

1.3350 

Avenge 




0.94 






*£adt gR>iq> was composed of twelve experiments. 
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IV. 

Action on Homologous Fibroblasts of the Serum of Young and Old 
Animals after the Removal of the Carbon Dioxide Precipitate. 

la twenty-eight experiments, divided into eight groups, the effects 
of the residual sera of the young animals were compared to those of 
the respective normal sera. It was found that the residual serum 
had become 17 per cent more inhibiting than the normal serum 
(Table VII). In three groups of twelve experiments, the action of the 
residual sera of the old animals was compared to that of the respective 
normal sera. There was practically no difference in the action of the 
normal and residual sera within the linuts of experimental error 
(Table VIII). 

V. 


CONCLUSIONS. 

It may be concluded that, under the conditions of the experiments: 

1. The inhibiting action on homologous fibroblasts of the heated 
serum of a young animal increases relatively more than that of an old 
animal. After it has been heated, the inhibiting action of the serum 
of the old animal is still greater than that of the yoimg animal. 

2. The COj precipitate obtained from the serum of a young animal 
definitely increases the proliferative activity of homologous fibro- 
blasts, while the COj precipitate of the serum of an old animal has 
practically no activating power. After the removal of the CO 2 preci- 
pitate, the inhibiting action of the serum of young animals is in- 
creased, while that of old animals is not modified. 

3. The increased inhibiting action of serum on homologous fibro- 
blasts in old age is partly due to the disappearance of the growth- 
activating substances and to the enhanced activity of the growth- 
inhibiting principle. 




IRqtiinted from The JoxmrAi. or ExnooixNTAL Medicqix, Kbvember 1, 1923, VoL zzxviS, 

No. S, pp. 487-497.] 


SURVIVAL AND GROWTH OF FIBROBLASTS IN VITRO. 

By ALEXIS CARREL, M.D., and ALBERT H. EBELING, M.D. 

{From the Laboratories of The Rockefeller InstUutefor Medical Research^ 

(Received for publication, June S, 1923.) 

Although the nature of the nitrogenous compounds used by the 
various tissues in the process of growth is not known, it may be as- 
sumed that all cells do not have the same food requirements. Some 
may receive the nitrogen necessary for the synthesis of new proto- 
plasm from certain amino-acids, peptides, or proteins, while others 
may require more complex compounds elaborated by other cells. The 
fibroblasts which, when cultivated in blood serum,' multiply tempo- 
rarily but never increase in mass, proliferate indefinitely as soon as a 
small amount of embryonic tissue juice^ is added to the medium. It 
appears then that the survival or growth of the tissues depends upon 
the nature of the nitrogenous compounds contained in the medium. 
It is of interest to know which substances determine the building up of 
new cells by fibroblasts, and which cannot be utilized for multipli- 
cation. Therefore, a study was made of the effect on the proliferation 
of fibroblasts of egg white, pure egg albumin, egg yolk, and chicken 
bouillon. 


EXPERIMENTAL. 

The nutritive value of egg white, egg albiunin prepared by the methods of 
Sdrensen and Hopkins, egg yolk, and chicken bouillon, was tested on chicken 
fibroblasts which were obtained from an 11 year old strain. In most of the esperi- 
ments, the method of washing and transferring the tissues from medium to medium 
was used. The control medium was composed of fibrinogen suspension, Tyrode 
solution with traces of egg yolk, and embryonic tissue juice. In the e]q>eriments, 
the substance to be tested was substituted for an equal amount of Tyrode solution. 

' Carrel, A.,.and Ebeling, A.H., J. Exp. Med., 1921, Eodv, 317; 1922, xxrvi, 399. 

* Carrel, A., J. Exp. Med., 1912, xv, 516. Ebeling, A. H., J. Exp. Med., 1922, 
xctv, 755. 
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Every 48 hours, the growth was measured, and the tissues were washed and 
transferred into a fresh medium. The same operation was repeated untQ the 
tissues died or until their rate of growth became uniform. The effects of Tyrode 
solution and of the substance under investigatim were compared from the pdnt 
of view of the amount of tissue produced at each passage, and of the duration of 
life of the cultures. In other experiments, the tissues were studied in the process 
of uninterrupted growth in a medium which was renewed every 2 or 3 da}^. The 
fibroblasts were cultivated in D-5 flasks and imbedded in a coagulum made of 
0.5 cc. of plasma and 1.5 cc. of Tyrode solution containing 5 per cent embryo 
juice. The substance to be tested was poured on the surface of the coagulum. 
The area of the tissues was measured every 48 hours. The curve expressing the 
gsowth of the tissues in the experimental medium was compared to that of the 
same tissue when the fluid part of the medium was composed of Tyrode solution. 

1. Action of Tyrode Solution on Pure Cultures of Fibroblasts. — Rec- 
tangular fragments of an 11 year old strain of chicken fibroblasts were 
placed in a medium composed of chicken fibrinogen 25 per cent, doubly 
concentrated Tyrode solution 25 per cent, Tyrode solution containing 
traces of egg yolk and tissue extract 25 per cent, and T 3 rrode solution 
25 per cent.* The migration of the fibroblasts began after about 2 
hours incubation, and the cells spread rapidly into the coagulum. 
After 48 hours incubation, the area covered by the new tissue was 
always large, although the amount of extract contained in the medium 
was far too small to produce any stimulating effect. The tissues were 
extirpated from the dot, washed, and transferred to a fresh medium. 
After each passage the cells proliferated rapidly but, in spite of this 
apparent activity, the mass of the tissue slowly decreased. A visible, 
progressive thinning of the central portion of the culture was apparent 
even on macroscopic observation of the mother fragment. The cells 
multiplied by no means as rapidly as they migrated. After each pas- 
sage the area of the fragment not only lessened but the thickness also 
decreased. As the medium contained no nitrogenous compounds 
which could be used by the cells, protoplasm could not be synthetized, 
and the loss of tissue which took place at each passage brought about a 
rapid decrease in its mass. Under the conditions of the experiment, 
death occtirred generally after from five to six passages, that is, from 
8 to 12 days (Text-fig. 1). 


• Ebding, A. H., /. Exp. Med., 1921, xxxiii, 641. 
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Passages 

Text-Fig. 1. Action of Tyrode solution on pure cultures of fibroblasts. The 
relative increase of pure cultures of fibroblasts during one passage, that is, 48 hours, 
is plotted in ordinates, and the number of passages in absdssse. 



Tbxt-Fio. 2. Action of Tyxode sdution on pure cultures of fibroblasts in a 
condition of uninterrupted growth in a D fiask. 
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Comparative experiments were made with fresh embryonic heart. 
The fragments survived longer, and showed great activity at the same 
time that the mass of the tissue slowly decreased. 

In other esperiments, fragments of a pure strain of fibroblasts or 
of embryonic heart were placed in D-5 flasks in a medium composed 
of plasma and Tyrode solution containing 0.5 per cent embryonic 

TABLE I. 


Action of 25 Per Cent Egg Albumin on Fibroblasts. 


1 

1 

i 

1 



Culture No. 

Experiment 3. 

Experiment 4. 

Experiment 5. 

Relative 

increase. 

Relative 

increase. 

Relative 

increase. 

Relative 

increase. 

Relative 

increase. 

^1 

1 

Tyrode 

solution. 

Albumin. 


1 

Tyrode 

solution. 



Albumin. 

1 

446 

2.92 

2.24 

4.04 

3.12 

459 

3.30 

3.25 

3.40 

3 46 

3 64 

3.83 

2 

456 

2.86 

•3.87 

3.66 

*4.14 

470 

3 40 

♦3.35 

2 80 

•3.46 

1.90 

*2 50 

3 

469 

2.37 

2.86 

2.33 

2.77 

480 

1,60 

2.40 

1.19 

1 50 

0.88 

1.60 

4 

479 

0.81 

1.59 

1.07 

1.49 

497 

1.23 

1.44 

1.04 

2.92 

0.53 

1.33 

5 

496 

0.63 

1.70 

0 

1.56 

512 

0 

1.38 

0 

1 90 

0 

1.76 

6 

511 

0 

1.17 


1.06 

529 


1.12 


0.92 


1.09 

7 

528 


0.84 


0.82 

550 


2.00 


1 87 


1.78 

8 

549 


1.84 


1.54 

567 


1.04 


1.65 


1.38 

9 

566 


1.38 


1.13 

589 


1.06 


0 74 


0.91 

10 

588 


1.53 


0.75 

615 


0.89 


0 80 


0.64 

11 

614 j 


0 


0.65 

635 


3 00 


1 83 


2.00 

12 

634 1 




1.50 

658 


0 93 


0 74 


2.66 

13 

657 




0 

676 


1.50 


0 80 


1.20 

14 






694 


0.18 


0.30 


1.00 

15 






711 


0 


0.30 


0 

16 






724 




0 




* Culture divided; \ discarded. 


tissue juice. In the controls, 1 per cent Tyrode solution was poured 
into the flask after coagulation had taken place. Every 48 hours, the 
fluid was aspirated and replaced by the same amount of fresh Tyrode 
solution. In the experiments, the substance to be tested was substi- 
tuted for Tyrode solution. The increase in area of the tissue, while 
in a condition of survival in the non-nutrient medium, was expressed 
by an S-shaped curve. The growth generally stopped after 7 or 8 
dayrs (Tatt-%. 2). 
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2, Action of Egg Albumin on Pure Cultures of Fibroblasts . — ^Solutions 
of 25 and 35 per cent egg white in Tyrode solution were used. In the 
cultures containing 25 per cent egg white, the migration of fibroblasts 
was more active than in the controls containing only Tyrode solution 



Text-Fig. 3. Action of a 25 per cent solution of egg albumin on pure cultures 
of fibroblasts. 


TABLE II. 

Action of 35 Per Cent Egg Albumin on Fibroblasts. 


Passage No. 

Culture No. 

Experiment 1. 

Experiment 2. 

Experiment 3. 

Kelatlve increase. 

Relative increase. 

Relative Increase. 

Tyrode 

solution. 

Albumin. 

Twode 

solution. 

1 

Albumin ! 

Tvrode 

solution. 

Albumin. 

1 

520 

3.00 

2.87 

3.12 

2 89 

1 

3.31 

2.88 

2 

539 

4.74 

*4 86 

4 00 

♦5 62 

5.00 

•5.72 

3 

551 

2,84 

•3.47 

2.59 

*2 74 

2.89 

•3.84 

4 

568 

2.10 

1 32 

2 10 

1 57 

2.00 

1.21 

5 

590 

0 

1.27 

0 78 

1 30 

0.70 

1.69 

6 

616 


2.00 


0.78 

0.85 

0.84 

7 

636 


1.89 


1 69 

1.50 

1.44 

S 

659 


3 27 


3.75 

1.08 

3.25 

9 

677 





0.50 

1.00 

10 

695 





0 

0.50 


• Culture divided; J discarded. 


(Table I) . The mass of the tissues appeared to increase, and once the 
tissue fragments had to be divided (Text-fig. 3). But there was no 
further increase in the bulk of the tissues. The migration remained 
very active, and the decrease in the size of the tissues was slower than 
in Tyrode solution. While the control died after five or six passages, 



368 


SDXVIVAZ. OT F1B&0BIA5TS 


the Ufe of the tissues cultivated in egg albumin lasted for fifteen pas> 
sages, that is, for about 30 days (Text-fig. 3). 

Similax experiments were repeated with egg white of a concentration 
of 35 per cent (Table n and Text-fig. 4). The duration of life was 



123456789 10 H 

Passaj^es 

Text-Fig. 4. Action of a 35 per cent solution of egg albiunin on pure cultures 


of fibroblasts. 


TABLE III. 


Action of Egg Yolk on Fibroblasts. 


PaiufeNo. 

1 

Culture No. 

Experiment 1. 

Experiment 2. 

Experiment 3. 

Relative increase. 

Relative increase 

Relative increase. 

0 25 per cent 
efiwyolk. 

2.5 percent 
egg yolk 

0.25 per cent 
egg yolk. 

2.5 per cent 
egg yolk. 

0 25 per cent 
eggydk. 

2.5 per cent 
egg yolk 

1 

434 

5.03 

4.06 

4.40 

4 95 

4.89 

4.35 

2 

445 

3.38 

2.89 

3 00 

2.74 

3 42 

3.54 

3 

455 

1.77 

2.10 

2.10 

3.05 

2.10 

2.64 

4 

468 

1.26 

♦2.23 

0 

♦2.30 

1 50 

*2.38 

5 

481 

0 

1.56 


1 42 

0 

tl.84 

6 

499 


1.63 


0.81 



7 

510 




0 60 



8 

527 




0 


1 


*Culture divided; ) discarded. 
fCulture infected; discarded. 


slightly shorter than in the 25 per cent solution. In solutions of higher 
concentrations than 35 per cent, the growth was very much less. 

In order to ascertain whether the favorable effect of egg white is 
due to the albumin or to some other substance, the effect on fibroblasts 
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of pure albumin prq)ared by the methods of SSrensen and Hq^kins 
was ascertained. A solution containing 5 per cent egg albumin pre- 
pared by Dr. Fischer according to the Sbrensen method was tested on 
fibroblasts. The medium was made of 1 volume of plasma and 2 
volumes of egg albumin. The rate of growth of the fibroblasts was 
dower than in the control composed of Tyrode solution. Similar 
experiments were repeated with a solution of egg albumin prepared 
according to the Hopkins method by Dr. Baker. The rate of growth 
was also found to be slightly decreased in the albumin solution. 


(U 

13 

I 





Passages 


Text-Fig. 5. Action of a 2.5 and a 0.25 per cent solution of egg yolk on pure 
cultures of fibroblasts. 


3. Action of Egg Yolk on Pure Cidtures of Fibroblasts . — The effects 
on pure cultures of fibroblasts of two media containing 0.25 per cent and 
2.5 per cent egg yolk were compared (Table HI). There was a slight 
increase in the mass of the tissue and in the duration of life in the 
medium containing the larger amount of egg yolk. Although the 
tissues in the controls died after four passages, those in the experiments 
lived for six or seven passages (Table III and Text-fig. 5). 

The effect of higher concentrations of egg yolk on fibroblasts 
was studied with a different technique. 1 cc. of suspensions of egg 
yolk in T)rrode solution in concentrations of 5 and 10 per cent respec- 
tively was injected into D-5 flasks containing fra^ents of embryonic 
heart imbedded in the solid medium. Every 48 hours, the fluid was 
replaced by a fresh solution. The rate of growth was no greater than 
in the preceding experiments, showing that fibroblasts are incapable of 
utilizing egg yolk for growth. 
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In a £nal series of eiq}eiunents, the combined action of egg white 
and egg yolk was investigated. The fluid medium of D-5 fla^ con- 



Text-Fio. 6. Simultaneous action of egg yolk find egg white on pure cultures 
of fibroblasts in continuous growth in a D fiask. 

tained 25 per cent egg white and 1, 0.5, and 0.25 per cent, respectively, 
egg yolk. The rate of growth and the duration of life of the tissues 
were not increased (Text-fig. 6). 


ALEXIS CAXSEL AND ALBEKT H. EEELINO 


371 


4. Action of Chicken Bouitton on Pure CuUures of FihroUasts . — 
Bouillon was prepared from chicken tissues and added to the medium 
in concentrations varying from 10 to 20 per cent. In the cultures 
containing 20 per cent bouillon, the amount of growth was markedly 

TABLE IV. 

Action of 20 Per Cent Bouillon on Fibroblasts. 


-0 ContPd 
-• Experanent 


1 2 3 4 5 

Passages 

Text-Fig. 7. Action of 20 per cent bouillon on pure cultures of fibroblasts. 

decreased and also the duration of life (Table IV and Text-fig. 7). 
Concentrations below 10 per cent, such as used by Lewis and Lewis in 
some of their experiments with nutrient agar,* had no retarding efiect. 
The growth of the cultures in bouillon was about equal to that of the 

‘Lewis, M. R., and Lewis, W. H., BiAl. Johns Hopkins Hosp., 1911, xxii, 126. 



Experiment!. Experiment 2. Experiment 3. Experiment 4. 
Relative increase. Relative increase. Relative increase. Relative inaease^ 

iSESSS. 



5.13 

7.54 

4.77 

4 34 

6. 35 

4.95 

2.22 

3.24 

2.54 

1 80 

1.96 

1.54 

0 89 

1.65 

1.20 

0 

1 21 

0 



Passage 

No. 


1 

2 

3 

4 

5 

6 
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cultures in Tyrode solution. The duration of life was not affected 
(Table V and 8). 

'In other experiments, a bouillon was made of embryonic tissue 
juice, heated in a sealed tube at 100°C. for 1 hour. It had a slightly 
retarding action on the multiplication of fibroblasts. 

TABLE V. 


Action of 10 Per Cent Bouillon on Fibroblasts. 




Experiment 1. 

Experiment 2 

Experiment 3. 

Experiment 4. 

Puwge 

No. 

Culture 

No. 

Relative increase. 

Relative increase 

Relative increase. 

Relative increase. 


Tyrode 

solution. 

Bouillon 

Tvrode 

solution 

Bouillon. 

Tyrode 

solution. 

Bouillon. 

Tyrode 

solution. 

Bouillon. 

1 

672 

3.40 

4.00 

3.89 

3.10 

3.60 

3.09 

3.91 

3.38 

2 

685 

3.23 

3.95 

5.00 

3.00 

4.00 

3.50 

3.95 

3.60 

3 

701 

2.94 

4.00 

3.50 

3.93 

3 66 

4.46 

4.00 

4.45 

4 

718 

4.75 

3.00 

4 00 

3.50 

4.64 

2.66 

4.64 

5.10 

5 

731 

2.58 

2.34 

2.16 

3 00 

1.71 

1.56 

1 60 

1 28 

6 

745 

3.15 

2 00 

2.61 

2 13 

2.85 

2 00 

3.00 

2.36 

7 

754 

2,57 

1 ^ 

2.87 

0 

2.25 

1.53 

2.86 

2.00 

8 

770 

1.33 


1 70 


2.00 

0 

1.10 

0.75 

9 








1.24 

0 

10 








j 0.39 





I 

I 


Text-Fig. 



0— -o Control 
• Experiment 
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8. Action of 10 per cent bouillon on pure cultures of fibroblasts. 


DISCUSSION AND CONCLUSIONS. 

When multiplsdng actively in senun, fibroblasts are in a condition of 
survival, not of cultivation, for they do not synthetize protoplasm 
from substances contained in the medium. They are able to utilise 















ALEXIS CAEEEL AND ALBERT B. EBELING 


373 


only the nitrogenous material stored in the tissue itself. The distinc- 
tion between survival of tissue and active growth is an important one. 
Innumerable errors in the interpretation of the experimental results 
have been made during the past years on account of this lack. An 
active proliferation of fibroblasts taking place during several days in a 
medium containing a given substance does not mean that this sub- 
stance is used by the cells, but indicates only that residual cell prolif- 
eration is unopposed by a toxic substance. It is not possible to ascer- 
tain whether a medium is nutrient or not in the sense that it supports 
growth unless the mass of the tissues is shown to inaease. When the 
proliferating fragment can be halved again and again, and each half 
reaches the size of the original whole in 48 hours, it is evident that new 
protoplasm must have been synthetized from the medium. The 
ejqperiments described above show that egg white, egg yolk, pure egg 
albumin, egg white mixed with egg yolk, and bouillon are not utilized 
by fibroblasts for multiplication. This fact renders more plaurible 
the hypothesis advanced previously that for proliferation the fibro- 
blasts require some nitrogenous substances elaborated by other cells, 
which are present in embryonic tissue juices. 

It may be concluded that, under the conditions of the experiments: 

1. The duration of life of pure cultures of fibroblasts in a nitrogen- 
free medium is about 8 days. 

2. Egg white and egg yolk, isolated or together, slightly increase the 
activity of the fibroblasts, but this effect is temporary and the tissues 
ultimately die. Pure egg albumin and bouillon are not utilizable by 
fibroblasts for multiplication. 




[Reprintedfrom The Jouhnai op Experhientai. Medicine, November 1, 1923, VoL xxxviS, 

No. S, pp. 499-511.] 


ACTION ON FIBROBLASTS OF EXTRACTS OF HOMOL- 
OGOUS AND HETEROLOGOUS TISSUES. 

By ALEXIS CARREL, M.D.. and ALBERT H. EBELING, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 

* (Received for publication, June 5, 1923.) 

Fibroblasts do not multiply in blood serum* after the food material 
stored in the original tissue is exhausted.* Neither can they obtain 
the nitrogen necessary for their proliferation from chicken bouillon, 
egg white, egg yoUc, nor pure egg abumin.* But they live and 
multiply indefinitely when the medium contains a small amoimt of 
embryonic tissue juice.* It is, therefore, probable that they require 
for the building up of protoplasm certain nitrogenous compounds 
which are synthetized within the organism by other cells. It is 
known that leucocytes contain such growth-promoting substances.* 
Extracts of muscle and gland tissues of adult animals also possess 
the power of stimulating the rate of growth of homologous fibro- 
blasts in vitro.^ The juice of heterologous tissues, such as guinea 
pig tissue, may determine the proliferation of chicken fibroblasts, 
although the life of these cells in such a medium is not permanent.* 
It seemed that heterologous as well as adult tissues contain certain 

* Carrel, A., and Ebeling, A. H., 7. Exp. Med., 1921, xxxiv, 317; 1923, xzxvii, 
759. 

* Lewis, M. R., and Lewis, W. K.,Anat. Rec., 1911, v, 277. Ingebrigtsen, R., 
J. Exp. Med., 1912, xvi, 421. Burrows, M. T., Anat. Rec., 1916-17, xi, 335. 
Burrows, M. T., and Ncymann, C. A., J. Exp. Med., 1917, xxv, 93. Carrel, A., 
and Ebeling, A. H., J. Exp. Med., 1921, xxxiv, 317. 

* Carrel, A., and Ebeling, A. H., J. Exp. Med., 1923, xxxviii, 487. 

* Carrel, A., J. Exp. Med., 1912, xv, 516. Ebeling, A. H., J. Exp. Med., 1922, 
XXXV, 755. 

* Carrel, A., J. Exp, Med., 1922, xxxvi, 385. Carrel, A., and Ebeling, A. H., 
J. Exp. Med., 1922, xxxvi, 645. 

* Carrel, A., J. Exp. Med., 1913, xvii, 14. 

* Carrel, A., unpublished experiments. 
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substances which permit a pure culture of fibroblasts to increase in 
xnass^ at least for a time. The aim of the experiments described in 
this article was to determine as accurately as possible, with the 
techniques at our disposal, the action of homologous adult tissue 
extracts and of heterologous embryonic juices and adult tissue 
extracts on the rate of growth of chicken fibroblasts and on the 
duration of their life in vitro. 

EXPERIMENTAL. 

Young embryos of chickens, mice, guinea pigs, and rabbits were finely pulped 
and centrifuged. The supernatant juice was diluted with approximately its 
volume of Tyrode solution. Muscle and organs of adult chickens, mice, guinea 
pigs, and rabbits were sliced in a Latapie apparatus, and to the pulp was added its 
volume of Tyrode solution. After a few hours, the mixture was centrifuged and 
the supernatant fluid removed. 

The juices and extracts were kept in a refrigerator and their H ion concentration 
was determined daily by the colorimetric method. The pH was about 7.8, and 
after a few days it became lower, espedally in extracts of adult tissues. It was 
kept constant by the addition of small amounts of sodium hydrate. The juices 
and extracts were always used within a week after they had been prepared. 

The action of the juices and extracts was tested on an 11 year old strain of 
fibroblasts. The stock cultures were divided into two equal parts. One of the 
fragments was placed in a medium composed of 1 volume of plasma and 2 volumes 
of Tyrode solution containing 0.02 of chick embryo juice, and used as a control, 
while the other fragment was placed in 1 volume of plasma and 2 volumes of tissue 
extract or tissue juice. The fragments were traced in a projectoscope after 1 and 
48 hours and the relative increase was measured by the usual technique.® If, 
after 48 hours, the tissue fragments had doubled in size, they were divided into two 
equal parts, one half being discarded, and the remaining half cultivated in the same 
medium. When no marked increase had occurred, the fragments were merely 
washed and transferred to a fresh medium. The figures on relative increase of the 
fragments, their absolute dimensions at the beginning of each passage, and the 
number of passages during which they lived, made it possible to ascertain the 
action of the various juices and extracts on cell proliferation. The data for each 
experiment were tabxdated, but to save space the tables have been omitted. For 
each group of experiments, a chart shows the variations in the relative increase 
of the tissues in function of the time, which is expressed by the number of passages. 

i. Action of Fresh Chick Embryo Juice and of the Same Juice 
Preserved in Cold Storage on the Duration of Life of Homologous 

« Ebeling, A. H., /. Exp. Med., 1921, xxxiv, 231. 
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Fibroblasts. — Before studying the action of the various homologous 
and heterologous juices on the growth of chicken fibroblasts, it was 
necessary to ascertain in more precise manner than has been done 
heretofore the influence of the spontaneous modifications imder- 
gone by the juices in function of time. It is well known that the 
increase in the H ion concentration prevents the stimulating action 
of the juice on cell proliferation,* and that this increase occurs spwi- 
taneously. But as it is also possible that some other deterioration 
takes place, even when the pH does not vary, the action of fresh 
juices was compared with that of juices kept in cold storage at a 
constant pH. In the following experiments, fresh juice and juice 
kept in cold storage were compared. When the juice had been 
kept in the refrigerator for more than 1 week, its action became 
weaker than that of the fresh extract. The tissues which had been 
cultivated in the juice kept for 34 days in the refrigerator died after 
seventeen passages, while those cultivated in fresh extract continued 
doubling in size every 48 hours (Text-fig. 1). It was not possible 
to determine whether the cause of death was intoxication or star- 
vation. This experiment showed that, when the H ion concentra- 
tion was kept constant by the addition of sodixun hydrate, some 
changes occurred in the embryonic tissue juice which rendered it 
unsuitable for maintaining fibroblasts in a condition of indefinite 
growth. But this effect could hardly have been detected if the 
tissues had not been in contact for several passages with the juice. 
Tissue juices and extracts should be used, therefore, when freshly 
prepared. 

2. Action of Extracts of Adult Homologous Tissues on the Growth 
and Duration of Life of Fibroblasts. — The extracts made from muscle 
brought about an increase in the mass of the tissues during the first 
passage. In one group of three experiments, the tissues could be 
divided into two parts at the third passage (Text-fig. 2), and ap- 
parently the musde tissue extract had an action similar to that of 
embryonic tissue juice. However, it was observed that the cells 
contained more fat granules than do normal cultures. After either 
four or five passages, the tissues died. The controls in Tyrode 

* Fischer, A., J. Exp. Med., 1921, xzziv, 447. 
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solution did not increase in size to such an extent that they could 
be divided. They were still living after six passages (Text-fig. 2). 

In one group of three experiments, extracts of ovary also had a 
stimulating action. The mass of the tissues increased, but not 
permanently. The cultures were large enou^ to be divided after 
the first, third, and fourth passages. Death occurred at the seventh 



0 — o T/Podti oOiu+iOi^ 

Ad lit chKkcn muscle extract 

^ Culture divided, 

* 24 hours growth 


Text-Fig. 2. Action of adult chicken muscle extract on the duration of life of 


homologous fibroblasts. 



Pejss&ges 


0 -- o Tyrode solution 
•—•Adult chicken ovary extract 

^ Culture divided; Vz discarded 
» 24 hours growth 


Text-Fig. 3. Action of adult chicken ovary extract on the duration of life 
of homologous fibroblasts. 


passage. The controls did not increase in mass and could not be 
divided, but they survived seven passages (Text-fig. 3). Thus, 
it appeared that the extracts of adult tissues were not capable of 
maintaining indefinitely the life of the fibroblasts in vitro, as fresh 
embryonic juice does. 

3. Action of Heterologous Embryonic Tissue on the Growth and 
Duration of Life of Fibroblasts.— In one group of three esgperiments, 
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the action of the juice of mouse embryos was tested on chicken 
fibroblasts, the controls being cultivated in chick embryo juice. 
The supply of mouse embryo juice was renewed after 12, 26, 36, 



and 44 days. Text-fig. 4 shows that the connective tissue frag- 
ments doubled in mass in 48 hours in mouse embryo juice, as well 
as in chick embryo juice. After twenty-six passages, the rates of 
growth were still practically the same in both substances and the 
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experiment was discontinued. No evidence had been obtained 
that the tissues would die sooner in mouse embryo juice in 
chick embryo juice. 


In one group of three experiments, rabbit embryo juice acted on 
chicken fibroblasts in the same maimer as chick embryo juice. The 



Text-Fig. 6. Action of guinea pig embryo juice on the rate of growth of chicken 
fibroblasts. 



Chick embryo juice 
• Guinea pi^enhoro juice 

♦ Culture divided, Hdiscardal 

* 24 hours gtwth 


Text-FIg. 7. Action of guinea pig embryo juice on the rate of growth of chicken 
fibroblasts. 


tissues increased markedly in size and no difference could be observed 
between fibroblasts nourished on chick embryo juice and rabbit 
embryo juice. Every 48 hours, the tissues doubled in size. This 
experiment was continued for 29 days. The curve shows that the 
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rates of growth of the fibroblasts in both juices were in general similar 
(Text-fig. 5). The differences observed after the 19th day were 
due probably to the fact that the supply of rabbit embryo juice had 
not been renewed. A similar slackening in the growth was observed 
when homologous tissue juice was used under the same conditions. 
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o — o Nomrmnumzfcd cells 
• Immunized cells 

* 24 hours jpowlb 


Parages 


Text«Fig. 8. Action of rabbit serum on the rate of growth of chicken fibroblasts 
cultivated previously in chicken and rabbit embryo juices. 


Tyrode solution 
Guinea mu5( le 
extract 


1Z34567 89 10 11 

Pa£.s8ges 

Text-Fig. 9. Action of adult guinea pig muscle extract on the duration of life 
of chicken fibroblasts. 

In two groups of three and four experiments respectively, the 
action of guinea pig embryo juice was studied in the same manner. 
In a &st series of experiments, the tissues doubled in mass every 
2 days in both media. After seven passages, growth was more ex- 
tensive in the chick embryo juice because the supply of guinea pig 
juice had not been renewed (Text-fig. 6). In a second series of ex- 
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periments, after 20 days the rate of growth of chicken tissue fed on 
guinea pig juice was the same as that of the control (Text-fig. 7). 

It IS evident that protoplasm can be synthetized by chicken fibro- 
blasts nourished on guinea pig, mouse, and rabbit embryonic tissues. 



Passages 


Text-Fig. 10. Action of adult rabbit muscle extract on the durati on of life of 
chicken fibroblasts. 


»..-o Tyrode solution 

• Adult rabbit bone marrow 


* Experiment divided: 
h discarded 

♦ 24 hours growth 


1 2 3 4 5 6 7 8 

Passages 

Text-Fig. 11. Action of adult rabbit bone marrow extract on the duration of 
life of chicken fibroblasts. 

No differences traceable to variations in the media could be observed 
either in the rate of migration or the amount of tissue produced. 
Nevertheless, in one groiq> of three experiments, an attempt was 
made to investigate whether chicken fibroblasts fed on rabbit juices 
were modified in their specificity. Strains of chicken fibroblasts 
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derived respectively from cultures maintained on chicken and raUiit 
embryo substances were cultivated in rabbit serum. The retarding 
action of rabbit serum was less marked on the fibroblasts grown in 
rabbit tissue juice than on the normal fibroblasts (Text-fig. 8). 
The fibroblasts previously nourished on rabbit tissue juice under- 

»— o Tyrodc solution 

• Adult rabbit spleen extract 

* Culture dividediMt discarded 

* 24 hours grovrth 


123456769 

Passages 

Text-Fig. 12. Action of adult rabbit spleen extract on the duration of life of 
chicken fibroblasts. 



0—-0 Tyrode solution 

• Adult thyroid extract (rabbtt) 

t Culture divided; It discarded 
* 21 hours growth 


1 2 3 4 5 6 7 

Passages 

Text-Fig. 13. Action of adult rabbit thyroid extract on the duration of life 
of chicken.fibroblasts. 

went but a slight change. This effect may have been due to the 
fact that the specificity of the chicken fibroblasts so nourished had 
decreased, or that they had become immunized against rabbit specific 
substances. 

4. Action of Heterologous Adult Tissue Extract on the Growth and 
Duration of Life of Fibroblasts. — In one group of four experiments, 
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chickeP fibroblasts cultivated in extract of adult guinea pig musde 
did not increase In mass, and died sooner than tbe controls in Tyrode 
solution (Text-fig. 9). 

In one group of three experiments, the extract of adult rabbit 
muscle had a similar action. The fibroblasts died 4 days sooner in 
muscle extract than in Tyrode solution (Text-fig. 10). 

In one group of three experiments, rabbit bone marrow caused the 
fibroblasts to double in mass at the third passage. But both the 
experiment and control tissues died at the eighth passage (Text- 
fig. 11). 

In one group of four experiments, rabbit spleen extract increased 
the mass of the tissues to the same extent, but the duration of life 
was no longer than in the controls (Text-fig. 12). 

In one group of three experiments, extract of thyroid gland pro- 
duced some increase in the mass of the tissues. Death occurred 
suddenly at the sixth passage (Text-lig. 13). 

SUMMARY. 

Extracts of homologous adult tissues determine an increase in the 
mass of pure cultures of chicken fibroblasts nourished thereon com- 
parable to that resulting from embryonic tissue juice. But the 
effect of these extracts differs markedly from that of the latter, since 
cell multiplication does not continue indefinitely. After a few 
passages, the fibroblasts cultivated in adult tissue extracts grew 
more slowly than in Tyrode solution. The cytoi^Iasm became dark 
and filled with fat granules, and death followed. It is possible that 
the tissues of adult animals contain, as does the serum, substances 
which are toxic for the homologous cells, and which progressively 
overcome the effect of the growth-activating substances. The effect 
of heterologous adult tissue extracts did not differ markedly from 
that of homologous tissues. The chicken connective tissue increased 
slightly in mass, but died sooner than the controls in Tyrode solution. 

By contrast, tissue juices derived from the embryos of mice, guinea 
pigs, and rabbits acted on chicken fibroblasts in the same manner 
as chick embryo juices. The increase in mass of the cultures was 
regular and rapid. They doubled in size every 48 or 72 hours, and the 
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rate of growth did not deaease after 30 days. It appears that 
embryonic tissue juices are not necessarily toxic 'for heterologous 
fibroblasts, and that they can be used in the building up of proto- 
plasm in the tissues of a difierent species. In e;q}eriments made 
long ago,® the action of tissue juice was described as being specific. 
The premature death of the fibroblasts cultivated in heterologous 
juices at that time would now appear to have been due to spontaneous 
changes in the pH and the deterioration that even normal chick 
embryo juice at a pH of 7.8 undergoes spontaneously. In the recent 
experiments, when freshly prepared homologous and heterologous 
juices were used, their action on chicken fibroblasts in pure culture 
was identical. However, the fibroblasts produced in cultures nour- 
ished by rabbit juice grew better when transferred to rabbit serum 
than did ordinary chicken fibroblasts. It has not been determined as 
yet whether this effect is due to an immunization of the fibroblasts 
against rabbit humors, or to some decrease in the specificity eventu- 
ating in cells intermediate between rabbit and chicken fibroblasts. 

It may be concluded that, under the conditions of the experi- 
ments: 

1. Pure cxdtures of chicken fibroblasts increase in mass under 
the influence of extracts of adult homologous tissues. But they 
dtimately die while the fibroblasts cultivated in embryonic tissue 
juices live indefinitely. 

2. The increase in mass of chicken fibroblasts cultivated in the juices 
of mouse, guinea pig, rabbit, and chick embryos is about identical. 

3. Chicken fibroblasts produced in cultures nourished by rabbit 
embryonic tissue juice are less sensitive to the inhibiting action of 
rabbit serum than ordinary chicken fibroblasts. 

4. Cultures of chicken fibroblasts in extracts of adult tissues of 
mice, guinea pigs, and rabbits increase slightly in mass, but the 
increase is temporary and death occurs after a few passages. 




{Reprinted from Thb Jousmal or Exreuuental Msdicime, November 1, 1923,Vol.xxxv% 

No. S, pp. S13-S19.] 


ACTION OF SERUM ON LYMPHOCYTES IN VITRO. 

By ALEXIS CARREL, M.D., Aim ALBERT H. EBEUNG, M.D. 

(From tile Laboratories of The Rockefeller Institute for Medical Research.) 

Plates 32 and 33. 

(Received for publication, June 5, 1923.) 

Fibroblasts do not obtain from serum, ^ egg white, pure egg albumin, 
bouillon,* or amino adds,* the nitrogen necessary for their nutrition. 
When cultivated with these substances, they fail to multiply even 
in the presence of egg yolk which contains the necessary accessory 
factors.* It appears that they require for their proliferation certain 
spedal substances synthetized by embryonic tissue.* There is 
evidence for the view that, in vivo, they obtain these elements from 
the white blood corpusdes which possess the property of manufac- 
turing and secreting them.'' Should this conjecture be true, leuco- 
cytes must be capable of transforming some of the senun constituents 
into the more complex compounds necessary for the nutrition of the 
fibroblasts and epithelial cells. Therefore, an attempt ■was made 
to ascertain whether lymphocytes and large mononudear cells multi- 
ply in a medium containing serum as the sole source of nitrogen, and 
set free substances determining the proliferation of a pure strain of 
fibroblasts. 


EXPERIMENTAL. 

1, Action of Serum on the Multiplication of Lymphocytes in Vitro . — 
Fragments of embryo spleen or of a coagulum containing white blood 
corpusdes were imbedded in a medium consisting of 1 cc. of chicken 
plasma, 1.5 cc. of Tyrode solution containing 10 per cent embryonic 

* Carrel, A., and Ebeling, A. H., J. Exp. Med., 1921, zzxiv, 317; 1923, zzrvii, 759. 

* CfRd, A., and Ebeling, A. H., J. Exp. Med., 1923, xxzviii, 487. 

* Curd, A., and Ebeling, A. H., unpublished experiments, 1923. 

* Carrel, A., /. Exp. Med., 1922, xxxvi, 385. Carrel, A., and Ebeling, A. H., 
J. Exp. Med., 1922, xxxvi, 365, 645. 
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tissue juice, and 1.5 cc. of lyrode solution, according to a technique 
previously described.* After 2 days incubation, 1 cc. of serum diluted 
with its volume of Tyxode solution was introduced into the flask. 
After 3 or 4 days, the flmd was aspirated and replaced by 1 cc. of 
pure Tyrode solution for 24 hours when diluted serum was again 
placed in the flask. 

After a few hours, a great many ameboid cells wandered from the 
original fragment and invaded the culture medium. The polymor- 
phonuclear cells disappeared after a short time, and lymphocytes and 
large mononuclear cells migrated through the coagulum as individual 
units without any tendency to form a tissue. As the experiments 
were performed early in the development of the special culture 
method utilized, several contaminations or other accidents occurred, 
and only a few cultures were successfully observed for more than a 
month. 

Two cultures were prepared in D flasks, 5 cm. in diameter, which 
contained one and three fragments of spleen about 1 sq. mm. in area. 
The migration and multiplication of the cells proceeded slowly. The 
rate of multiplication increased temporarily each time fresh serum 
was added to the medium. The wandering cells invaded the medium 
at first on one plane in an orderly fashion, each ceU being separated 
from the neighboring cells by practically regular intervals. Later, 
they grew on three or four planes (Fig. 1), but without any contact 
or tendency to tissue formation. They accumulated around a few 
foreign bodies which were in the medium, as they generally do in 
vivo. After 30 days, practically the entire medium was invaded by 
the wandering cells. They covered a circle about 45 mm. in diameter, 
that is, an area of about 2,000 sq. mm. As the surface area of the 
original fragment of spleen was about 1 sq. mm., it was evident that 
the lymphocytes must have multiplied. In other cultures, small 
islands of lymphocytes appeared at a distance from the original 
fragment of spleen. The growth of these, islands could be readily 
observed, showing that the spreading of the cells is due to the multi- 
plication, and not merely to the migration, of cells contained in the 
original fragment of spleen. There is no doubt that the number of 
lymphocytes increased immensely during their cultivation in serum. 

* Carrel, A., /. Exp. Med., 1923, xxxviii, 407. 
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One of the cultures died of bacterial contamination after 36 days. 
As soon as the infection was detected, the fluid part of the medium 
was removed, the cultures were washed in Tyrode solution, fixed in 
formalin, and stained with eosin-azure. Many of the cells were dead 
and had become roimd when the culture was fixed. No pol)unor- 
phonuclear elements were seen. All the cells appeared to be l 3 nn- 
phocytes and large mononuclear cells (Fig. 2), with fibroblasts at- the 
site of the original fragment. 

In the second culture, the coagulum became detached from the 
bottom of the flask after the 34th day. The cells were in full activity. 
Some of the fragments of the coagulum were fixed and stained. The 
cells proved to be mononuclears and were large and active (Figs. 
3 and 4). 

Similar experiments were made with leucocytes obtained from 
blood. After chicken blood had been centrifuged for 10 minutes, 
a few drops of a dilute solution of embryonic tissue juice were placed 
on the corpuscles. Coagulation occurred, and fragments from the 
film containing the white blood corpuscles were cultivated in D-5 
flasks. The fluid part of the medium was composed of Tyrode solu- 
tion containing 30 per cent normal serum, and was renewed every 
3 or 4 days. After 21 days, cells resembling lymphocytes had in- 
vaded practically the entire culture medium. They stopped at 
about 0.5 cm. from the edge of the flask, and died 10 days later. 

2. Action of Lymphocytes and Large Mononuclear Cells on Fibro- 
blasts Contained in a Medium Composed of Serum. — Previous experi- 
ments have shown that when a fragment of spleen is placed at a 
short distance from a culture of fibroblasts, the rate of multiplica- 
tion of the fibroblasts is markedly increased,® owing to the secretion 
of growth-promoting substances by the leucocytes. It was found 
also that leucocytes do not live more than 10 days in Tyrode solu- 
tion.® This means that in a non-nutrient medium, they exhausted 
their reserves in from 7 to 10 days. It follows that, if leucocytes 
cultivated in blood serum for more than 10 days are able to increase 
in rate of migration and multiplication of fibroblasts, it would in- 
dicate that the material used by them in the elaboration of the 
growth-promoting substances must come from the serum. 

• Canrd, A., unpublished experiments, 1922-23. 
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In a D-5 flask, a indent of spleen was placed 12 nun. from a 
fragment of a pure culture of fibroblasts. As the fluid part of the 
mediiun was cmnposed of pure serum, the fibroblasts stopped pro- 
liferating after 5 days. Meanwhile, the leuco(ytes slowly invaded 
the medium and reached the neighborhood of the colony of fibro- 
blasts. By the 9th day, the fibroblasts had become very large and 
their C 3 rtq>lasm was dark and loaded with fat granules. Serum was 
now added to the medium and the lymphoc 3 rtes proliferated very 
actively and some of them reached the fibroblasts. During the 

TABLE I. 


AcUon of Lymphocytes on Fibroblasts in a Medium Composed of Serum. 


Dale. 

Culture No. 

Area of 

Conmosition of 
fluikl medium. 

Lymphocytea. 

Fibroblasts. 
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4.6 

0 

“ 20 




Serum Icc. 

“ 21 


, 

18,1 

a u 

“ 22 



22.9 

n 1 a 

‘‘ 23 




it 1 u 

« 24 


89 8 

46 3 

it J u 

25 



46 3 

it 1 ti 

‘‘ 26 



46 3 

Tyrodcl “ 

« 27 


128 4 

84 8 

Serum 1 « 

" 28 


191.9 

90 7 

it 1 ti 

Mar. 1 1 

i 
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it 2 i 

1 
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128.5 

Tyrode 1 ** 



294.1 i 

172.9 

Serum 1 “ 


following days, the appearance of the fibroblast's changed. They 
became slender and elongated at the same time that the cytoplasm 
decreased in volume, and they again began to proliferate actively, as 
indicated on the curve (Table I and Text-fig. 1). The number of 
leucocytes increased greatly and, on the, 12th day, a great many 
began to die, owing probably to the accumulation of too large a 
number of cells in a comparatively small area. The fibroblasts were 
then quite refreshed and in full activity (Text-fig. 1). 

A spontaneous rejuvenation of fibroblasts after they had been 
cultivated in serum for 8 days and had imdergone degenerative 
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changes has never been observed previously. It can be attributed 
to the nearby presence of lymphocytes acting upon the fibroblasts. 
The rate of proliferation of fibroblasts has been observed to increase 
several fold when they grow near colonies of lymphocytes. In the 
above experiment, an allied phenomenon took place. As it appeared 
after the lymphocytes had been cultivated in serum for more than 
10 days, it may be assumed that the growth-promoting principle 
secreted by these latter cells must have been elaborated from sub- 
stances contained in the serum, and not from their own reserves. 

DISCUSSION. 

These experiments have brought to light the following facts: 
lymphocytes are able to live and multiply in a medium containing 
only blood serum, which does not suffice for the purpose in the case 
of fibroblasts. The presence, under certain conditions, of lympho- 
cytes and large mononuclear cells in the neighborhood of a culture 
of fibroblasts in serum markedly increases the activity and the dura- 
tion of life of the fibroblasts. 

Since lymphocytes and large mononuclear cells cultivated in serum 
proliferate and manufacture substances which enable fibroblasts to 
grow, they appear to be endowed with a function of primary impor- 
tance in the nutrition of the tissues. It is known that fibroblasts 
and epithelial cells do not synthetize protoplasm when cultivated 
in serum, while they obtain certain substances from embryonic tissue 
juice which determine an immense proliferation. As leucocytes 
secrete substances possessing the same growth-activating properties 
as embryonic tissues, it was conjectured that fibroblasts and epithe- 
lial cells, elements which cannot survive permanently on the sub- 
stances contained in serum, are maintained through the action of 
the white cells of the blood.* More than 30 years ago, Renaut was 
lead by his anatomical studies to assume that the lymphocytes bring 
to the fixed cells the food material whiph they need.'' Recently, 
Jolly* concluded from his investigations of the influence of starvation 
on the lymphoid apparatus, that lymphocytes store important chemi- 

* Renaut, J., Trait6 dTiistologie pratique, Paris, 1893, i, pt. 2, 968. 

* Jolly, J., Compt, rend. Soc. hiol., 1920, Ixxxiii, 1209. 
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cal substances which are used by the organism more readily than 
are the materials from other tissues. Previous e:q)eriments* have 
shown that some of the substances secreted by leucocytes in vivo 
and m vitro have the same properties as embryonic tissue juice, and 
determine the multiplication of fibroblasts. 

In the experiments described in this article, the source of the nitro- 
gen used by the white cells in the manufacture of the essentials which 
promote the growth of the fibroblasts was investigated, and it ap- 
pears that lymphocytes and large mononuclear cells find in blood 
serum all that is necessary for their proliferation and the elaboration 
of their secretions. They probably manufacture from certain com- 
pounds present in serum the food material which fibroblasts and 
epithelial cells require for their proliferation. Thus, they may be 
supposed to act as food transformers. 

CONCLUSIONS. 

It may be concluded that, under the conditions of the experiments: 

1. Lymphocytes and large mononuclear cells can live and increase 
greatly in numbers in blood serum, while fibroblasts are not capable 
of doing so. 

2. While living in serum, lymphocytes and large mononuclear cells 
manufacture and secrete substances which may be used as food 
material by the fibroblasts. 

3. It is probable that lymphocytes and large mononuclear cells 
synthetize from the nitrogenous compounds contained in serum the 
substances which fibroblasts and epithelial cells require for their 
multiplication. 

EXPLANATION OF PLATES. 

Plate 32. 

Fig. 1. Living culture of l3Tnphocytes and large mononuclears in a D-5 Bade. 

Fig. 2. 36 day old culture of lymphocytes in a D-S flask. 

Plate 33. 

Fig. 3. 34 day old culture of lymphocytes showing encapsulation of a foreign 
body. 

Rg. 4. Scattered mononuclears in the peripheral part of the same culture. 


• Carrel, A., /. Exp. Med., 1922, xxxvi, 385. 
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ME^UREMENT OF THE INHEREOT GROWTH ENERGY 
^ OF TISSUES. 

By ALEXIS CARREL, MJ>. 

(From the Laboratories oj The Kockefeller Institute for Medical Reseer<h.) 

(Received for publication, June 5, 1923.) 

It is well known that the growth energy of the organism decreases 
progressively with age.^ The activity of each tissue probably detunes 
at a <Merent rate. Fibroblasts grow more rapidly in vitro from the 
heart of a young chick embryo than from that of an older one. and no 
cdls migrate from a fragment of adult heart.* Cardiac muscle fibers 
lose the property of proliferating in vitro very early. Cultures of 
cutaneous ^ithdium can be obtained from an embryo, while n,o 
q)ithelial cells grow from the skin of a young chicken. Evidently, 
there is a definite relation between the growth energy of a given tissue 
and its age, which could be used for measuring the age of the organism. 
The rate of healing of an aseptic woxmd is a function of the age of the 
patient which is determined when the size of the wound and its index 
of cicatrization are known.* While the growth energy of the tissues 
slowly decreases in function of time, it may fluctuate under the influ* 
ence of many other factors, as every pb}r5iological and pathological 
process involves a resumption or a decline of cell activity. 

The variations of tissue activity in vivo are very probably rdoted 
to those of the growth-inhibiting and promoting properties of the 
humors.* The decline of the rate of multiplication of filnroUasts 
cultivated in serum in function of the age of the animal from which the 
serum is obtained resembles the decrease of the index of cicatriaatioa 
of a wound in function of the age of the patient.® The growth energy 

* Minot, C. S,, The ptdilem of age, growth, and death, New York, 1908. 

* Carrel, A., J. Exp. Med., 1913, xviii, 287. 

*du Nody, F. L., J. Exp. Med., 1916, zxiv, 461. 

* Cand, A., J. Exp. Med., 1913, xvii, 14. Carrd, A., and EbdiDg, A. H., 
/. Exp. Med., 1921, xcdv, 399; 1922, xxxvi, 365. Carrel, A., J.Exp. MnL, 1922, 
zxzvi, 385. Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, xsxri, 64S. 

* Carrd, A., end Ebeling, A. H., /. Exp. Med., 1921, xzziv, 599. 
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of the tissues deaeases at the same time that the blood serum becomes 
more inhibiting to growth. Some years ago, it was found that fibro- 
blasts in different conditions of activity, when cultivated in the same 
meditun, soon grew at the same rate, and that if two halves of a culture 
were placed in media of different composition, they multiplied at differ- 
ent ^eeds after a short time.* This experiment demonstrated that the 
rate of cell proliferation in vitro depends on certain properties of the 
mediiun. We may, then, assmne that the activity of a tissue in vivo 
at a given instant is probably a function of its activity at the preceding 
instant, and of the concentration of growth-activatipg and inhibiting 
substances in the interstitial lymph and the blood plasma. 

The knowledge of the relations between the tissues and the htunors 
would certainly be of great importance. We can already detect the 
presence of the growth-activating and growth-inhibiting substances 
in the blood and the lymph by determining the growth index of the 
fluids.* But a method for measuring inherent cell activity remains to 
be developed. This inherent growth energy is not improbably propor- 
tional to the residual growth energy, that is, to the energy spent by 
the tissues in a non-nutritive medium until death occurs. The 
puipose of the experiments described in this article was to develop a 
technique for measuring the residual energy of fibroblasts and the 
relations between inherent and residual energies. 

EXPERIMENTAL. 

1. Measurement of the Residual Growth Energy of Fibroblasts . — 
fragment of a pure strain of fibroblasts or of heart tissue was placed in a 
D-5 flask in 0.5 cc. of plasma and 1.5 cc. of lyrode solution containing 
5 per cent embryonic tissue juice.* After coagulation occurred, 1 cc. 
of Tyrode solution was poured on the surface of the coagulum. Every 
48 hours, the fluid was aspirated and rq>laced by fresh Tyrode solution. 
Lnmediately after the preparation of the cultxire, and every 48 hours, 
the outline of the tissues was traced in aprojectoscope, and the area 
measured with a planimeter. The extent of the migration of the 
fibroblasts and the duration of their life represented the residual 

* Carrel, A., and Ebeling, A. H., /. Exp. Med., 1922, xxzv, 17. 

* Carrd, A., /. Exp. Med., 1923, mviii, 407. 
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activity of the tissue, which finds expression ordinarily in an S-^ped 
curve. 

The fragments of fresh tissue usually died before the central part 
of the original portion disintegrated, that is, before the nutritive 
substances which they contained had been entirely used. The residual 
life of a fragment of heart of an 8 day embryo varied from 7 to 12 days. 
When the original fragment disintegrated early, the rate of multipli* 
cation and duration of the life of the fibroblasts were increased. 



Text-Fig. 1. Residual growth energy of fibroblasts. 

Fragments of a pure strain of fibroblasts used all the nutritive 
substances which they contained before they died. The residual life 
of a fragment of an 11 year old strain of fibroblasts, in normal condi- 
tion, generally lasted 7 or 8 da 3 rs (Text-fig. 1). Under the conditions 
of the experiments, the period of growth never extended beyond 9 or 
10 days. During the first 2 days, there was very little difference in the 
rate of growth of fibroblasts cultivated in nutrient and non-nutrient 
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media. As the solid medimn was composed of plasma, and the fluid 
medium of T^ode solution renewed every 2 days, the tissues were 
bathed in a fluid which became progressively less concentrated in 
serum, that is, less inhibiting. The first inflection of the curve mi^t 
be due to the dilution of the medium under the influence of the T^rode 
solution. From the 2nd to the 4th or 5th day, the growth was very 
active. The effect of starvation became apparent after 4 da 3 rs. The 



Days 0 2 4 6 8 10 


Text-Fig. 2. Residual growth energy of fragments of heart of 10 and 17 day 
chick embryos. 

growth slackened and the curve began the second inflection. As the 
solid medium was constantly in contact with Tyrode solution, the 
decrease in the rate of growth cannot be referred to an accumulation of 
catabolic substances, but to the lack of nutrient materials. It is 
evident that the activity of the cells in a medium composed chiefly of 
Tyrode solution must depend in large measure upon the preceding 
condition of activity. 
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2. Residual Growth Energy of Tissues from Animals of Different Ages. 
— several e^eriments, two fragments of the ventricle of the hearts of 
10 and 17 day chick embryos were placed in a D-5 flask, according to a 
technique previously described.^ The curve expressing the residual 
activity, as determined by the experiment and recorded in Text- 
fig. 2, shows that the duration of life of both tissues was about the 
same, but that the growth of the older tissue was 30 per cent less 



Text-Fig. 3. Residual growth energy of fibroblasts kept previously in a hanging 
drop for 24 and 72 hours respectively. 

extensive than that of the younger. There was certainly a marked 
difference in the inherent activities of the two tissues referable to the 
difference in age of the embryos from which they were derived. 

3. Residual Growth Energy of a Pure Strain of Fibroblasts after 24 and 
72 Hours CulHvafion in a Hanging Drop. — ^When fibroblasts are culti- 
vated in a hanging drop of plasma and embryonic tissue juice, the 
S-shaped growth curve shows that great variations occur in the inherent 
activity of the tissues during 72 hours. The period of optimal growth 
lasts from about the 12th to the 48th hour. Later, the curve ^ttens 
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and becomes almost parallel to the time axis after 72 hours.* This 
second inflection is due to the spontaneous disappearance of the ther- 
molabile growth-promoting substance of the medium and to the accu- 
mulation of catabolic products. It is probable that fragments of a 
pure strain of fibroblasts brought to difierent states of activity by 
cultivation for 24 and 72 hours in a hanging drop would show corre- 
sponding differences of residual activity. 

Several fragments of an 11 year old s^ain of fibroblasts were 
cultivated on hollow slides in hanging drops composed of 1 volume of 
plasma and 1 volume of embryonic tissue juice. After 24 and 72 hours, 



Text-Fig. 4. Residual growth energy of fibroblasts kept previously for 48 hoturs 
in a hanging drop containing 5 and 50 per cent embryonic tissue juice respectively. 

respectively, fibroblasts were taken from the ha n g in g drop cultures, 
imbedded in the medium in a D-5 flask, and their residual growth ob- 
served. The duration of life was about the same, but the extent of 
migration of the fibroblasts cultivated for 72 hours was about 45 per 
cent less than that of those cultivated for 24 hoturs (Text-fig. 3). 

4. Residual Growth Energy of a Pure Strain of Fibroblasts Cultivated in 
Media Containing 5 and 50 Per Cent Embryonic Tissue Extracts. — Two 
halves of a fragment from an 1 1 year old strain of fibroblasts were placed 

* Ebeling, A. H., unpublished experiments, 1919. 
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in media containing respectively 5 and 50 per cent embryonic tissue 
juice, in order to modify the inherent activity. After 48 hours, both 
fragments were placed in a flask in the ordinary meditun and the 
residual activity was measured. The duration of life of both fragments 
was about the same, but the area covered by the cells of the fragments 
previously cultivated in SO per cent embryonic tissue juice was much 
larger. In the experiment recorded in Text-fig. 4, the activity of the 
cells, as expressed by the extent of their migration, was 25 per cent 
greater for the tissues previously cultivated in 50 per cent embryonic 
tissue juice than for those cultivated in 5 per cent. 

CONCLUSIONS. 

1. The residual growth energy of fibroblasts is expressed by the 
extent of their migration and multiplication in a non-nutrient medium. 

2. The residual energy of fibroblasts is related to their inherent 
energy and the variations of the inherent energy can be ascertained 
by the measurement of the residual energy. 
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MEMBRANE POTENTIALS AND COLLOIDAL BEHAVIOR. 

Reply to the Note by Professor A. V. Hill. 

By DAVID I. HITCHCOCK. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 
(Received for publication, June 25, 1923.) 

There is no real point of conflict between our views and those 
expressed by Professor Hill. The mere agreement of the figures 
for P.D., considered abstractly and apart from experimental conditions, 
is not a proof of the existence of a Donnan equilibrium. For example, 
in an experiment in which the protein were omitted altogether there 
would also be agreement of the p.d. values, for each would be zero; 
but no one would think of calling this agreement in itself a proof of 
the existence of a Doiuian equilibrium. 

The statement to which Hill has objected was not intended to be 
taken out of its context and used alone as a complete argument. The 
proof of the agreement of the p.d. values was a necessary step in testing 
the theory. It shows, as Hill has admitted, that the systems studied 
were in equilibrium. The fact that they could be in equilibrium, 
and still have different hydrogen or chloride ion concentrations on 
the opposite sides of the membrane, was by no means obvious, 
and required explanation. Donnan’s theory furnished this explana- 
tion; and it has been pointed out that the experiments are quantita- 
tively in accord with other deductions from the theory. 

Since Doiman’s theory does explain the facts, and no other theory 
has been proposed which can explain them in the same quantitative 
maimer, it seems necessary to retain Loeb’s original conclusion that 
his data have proved the applicability of Doiman’s theory to these 
experiments with proteins. 
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THE COMBINATION OF DEAMINIZED GELATIN WITH 
HYDROCHLORIC ACID. 

By DAVID I. HITCHCOCK. 

{From the Laboratories of The Rockefeller Institute for.M^ical Research.) 
(Received for publication, May 28, 1923.) 

I. 


INTRODUCTION. 

When a protein such as gelatin is treated with nitrous add there is 
an evolution of nitrogen, presumably from the reaction of the nitrous 
add with NHj groups in the protein. This reaction is the basis of the 
well known Van Slyke^ method for the quantitative determination of 
free amino groups. The resulting deaminized proteins, in which each 
NH2 group may be assumed to have been replaced by OH, were studied 
by Skraup,* who investigated in some detail the products of their 
hydrolysis. Deaminized gelatin was prepared according to Skraup’s 
method by Blasel and Matula,* who showed by hydrogen electrode 
measurements that the deaminized protein was still capable of com- 
bining with hydrochloric add. 

The present work was undertaken to compare the maximal combin- 
ing capadty for hydrochloric acid of gelatin with that of deaminized 
gelatin. If the combination of these proteins with hydrochloric add 
is true chemical combination, and if the process of deaminization 
consists simply in repladng NH2 groups by OH, then it would be ex- 
pected that the difference in their combining capadties should be 
chemically equivalent to the NH2 groups removed. That this expec- 
tation has been confirmed is shown by the following experimental 
results. 

* Van Slyke, D. D., J. Biol. Chem., 1911, ix, 185; 1912, xii, 275. 

* Skraup, Z. H., Monatsh. Chem., 1906, xxvii, 653; 1907, xxviii, 447. 

* Blasel, L., and Matula, J., Biochem. Z., 1913-14, Iviii, 417. 


407 



408 


DEAiamZED GEIATIN 


n. 

TAe Deaminizing Reaction. 

It was found by Van Slyke* that the deaminizing reaction took place 
rapidly and quantitatively if the amino substance was treated with a 
great excess of a solution containing equivalent amounts of sodium 
nitrite and acetic acid. The preparation of Skraup was obtained 
under similar conditions, but after allowing the mixture to stand over- 
night he heated the add solution for 2 hours on a water bath and then 
predpitated the deaminized gelatin repeatedly by saturation with 
ammonium sulfate. 

In order to determine whether this treatment caused any further 
reaction than that occurring in the Van Slyke apparatus, measure- 
ments were made of the amino nitrogen in gelatin, by Van Slyke’s^ 
method, and of the total nitrogen in gelatin and in deaminized gelatin, 
by the Kjeldahl method.^ Three lots of deaminized gelatin were 
used. No. 1 was prepared from Cooper’s commerdal gelatin according 
to Skraup, except that it was precipitated only once by ammoniiun 
sulfate, while No. 2 was part of the same lot which was not heated 
on the water bath and not predpitated, but was dialyzed under 
pressure in collodion cylinders after standing ovemi^t in the nitrous 
acid solution. The dialysis was started in running tap water; after 
about 4 days the contents of the bags were brought to pH 3.6 with 
hydrochloric add, and then dialyzed for a week against repeated 
changes of hydrochloric acid of pH 3.6; finally the bags were kept for 
3 days in repeated changes of distilled water. This reduced the 
spedfic conductivity of the resulting 3 per cent solutions to less than 
10 redprocal ohms. The concentrations of these solutions were 
determined by dr 3 dng 25 cc. samples to constant weight at 110°C., 
and 25 cc. samples were likewise used for the Kjeldahl determinations. 
The gelatin analyzed was a solution of isoelectric gelatin which had 
been prepared from Cooper’s gelatin as described by Loeb.‘ Prepara- 
tion 3 of deaminized gelatin was made by dialyzing the residues 

^Sherman, H. C., Methods of organic analysis. New York, 2nd edition, 
1912, 291. 

‘ Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 
1922, 35. 
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from the Van Slyke determinations, for which the initial material was 
isoelectric gelatin. 

By the Van Slyke method the following figures were found for the 
percentage of amino nitrogen, using samples containing from 0.8 to 1.2 
gm. of dry gelatin: 0.525, 0.505, 0.582, 0.662, 0.540, 0.514; average, 
0.555 per cent. This agrees with the results of Van Slyke and Bir- 
chard,* who found 3.12 per cent of the total nitrogen in gelatin to be 
amino nitrogen; taking the total nitrogen as 17.96 per cent (see below), 
their figure for amino nitrogen becomes 0.560 per cent of the gelatin. 
Similar figures were obtained by Northrop,^ who found the normality 
of 1 per cent gelatin to be 0.0036 or 0.0038 with respect to NHa groups; 
accordingly his value for the percentage of amino nitrogen in dry 
gelatin is 10 X 0.0037 X 14.01 = 0.519 per cent. 

By the Kjeldahl method the following figures for total nitrogen were 
obtained. 

Gelatin . . 18.02 17.94 17.97 17.89 average, 17.96 per cent. 

Deaminized gelatin No. 1. . 16 98 16.94 16.99 “ 16 97 “ “ 

“ “ “ 2.... 17.46 17.35 17.41 17.37 “ 17.40 “ « 

It is evident that the difference between the figure for gelatin and that 
for deaminized gelatin No. 2 is almost exactly equal to the percentage 
of amino nitrogen removed in the Van Slyke analysis. In the case of 
deaminized gelatin No. 1, which was prepared according to Skraup, 
with heating, the loss of nitrogen is considerably greater, indicating 
that a more extensive reaction has taken place than the simple 
removal of free amino groups. This was corroborated by the fact that 
in the dialysis of No. 1 much more material was lost by diffusion 
through the collodion than was the case with No. 2. 

These figures may be summarized as follows: 

1 gm. gelatin = 0.00555 gm. or 0.000396 equivalents amino N. 

1 " “ = 0.1796 “ “ 001282 “ total “ 

1“ deaminized gelatin No. 2 = 0.1740 “ “ 0.01242 “ “ “ 

Loss in deaminization •= 0.0056 “ “ 0.00040 “ N. 

Equal weights of gelatin and deaminized gelatin are taken as chemically 
equivalent, because the formula weight of the group OH, 17, is so close 

* Van Slyke, D. D., and Birchard, F. J., J. Biol. Chem., 1913-14, xvi, 539. 

» Northrop, J. H., J. Gen. Physiol., 1920-21, iii, 715. 
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to that of the NH» group, 16, and because the groups affected are such 
a small part of the weight of the protein. These results indicate that 
if the preparation of deaminized gelatin is carried out without heating, 
the reaction is simply a replacement of NH» by OH, as in the case of 
ordinary aliphatic amines. 

This simple conception of the reaction occurring in the preparation 
of deaminized gelatin was confirmed by analyzing the product by the 
Van Slyke method; the percentage of amino nitrogen found was 0.025 
for Preparation 1 and 0.029 for Preparation 2. It is believed that these 
figures should both be zero, since the volumes of nitrogen obtained, 
after correction for the blank from the reagents, were only 0.16 and 
0.15 cc. The absence of amino nitrogen in several other preparations 
of deaminized gelatin, prepared both with and without heating, was 
further confirmed by the formol titration method of Sorensen.® In 
no case was there any difference between the titrations with and 
without formaldehyde, if proper correction was made for the acidity 
of the formaldehyde solution itself. It may be stated that this is 
quite at variance with the results reported by Herzig and Lieb,® who 
found over twice as much amino nitrogen in gelatin as any of the 
authors quoted above, and found similar high figures for amino 
nitrogen in deaminized gelatin, even after it had been twice 
deaminized. 

in. 

Combination of Deaminized Gelatin with HCl. 

In order to calculate the combining capacity of deaminized gelatin 
for acid, it was necessary to know the isoelectric point of the material. 
In the work of Blasel and Matula® this was not considered, and their 
curve therefore does not represent the true amounts of combined add. 

The isoelectric point of a protein has been shown by Loeb^® to 
coindde with a minimum of osmotic pressure. Accordingly measure- 
ments were made of the osmotic pressure at 24°C. and of the pH of the 

® Sorensen, S. P. L., Compt. rend. trav. Lab. Carlsberg, 1907, vii, 1; Biochem. Z., 
1908, vii, 64. 

* Herzig, J., and Lieb, H., Z. physiol. Chem., 1921, cxvii, 1. 

‘®Loeb, J., Proteins and the theory of colloidal behavior. New York and 
London, 1922, 37. 
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protein solutions at equilibrium, in the manner described by Loeb. 
The results obtained with 1 per cent solutions of Preparation 1, and 
other preparations which had been heated even more than 2 hours on 



pH 

Fig. 1. Effect of pH on osmotic pressure of 1 per cent d eamini zed gelatin. 

the water bath, showed a minimum of osmotic pressure at pH 3.5 to 
3.8. Preparation 2, however, exhibited a minimiun of osipotic pres- 
sure at pH 4.0, as is shown by Fig. 1. 

This location of the isoelectric point was confirmed in another way 
in the case of Preparation 3, which was also prepared without heating. 
The protein was coated on particles of collodion by mixing SO cc. of a 
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0.1 per cent solution with 50 cc. of a suspension of collodion particles, 
prepared as described by Loeb,“ and allowing the mixtxuc to stand 
ovemi^t. The mixture was then centrifuged, and the sediment was 
again put into suspension by trituration in a mortar with about IS 
cc. of distilled water. A series of acetate buffers was prepared as 
described by Michaelis,“ 0.01 m with respect to sodium acetate, and 5 
drops of the concentrated suspension were added to 25 cc. of each 
buffer. Measurements were made of the velocity of migration of the 
particles in an electric field, using the microscopic apparatus of 
Northrop.^ For these measurements the writer is indebted to Mr. M. 
Kimitz, who found that the direction of migration changed its sign 
between pH 3.7 and 4.0. 10 cc. samples of the various suspensions 
were allowed to stand overnight in test-tubes, and it was foimd that 
the suspension at pH 3.9 settled clear, those differing by about pH 
0.1 or more being cloudy. In this work the pH determinations were 
made with the hydrogen electrode at 33°C. in Clark cells with a 
saturated KCl junction, and were based on a pH value of 1.037 for 
0.1000 M HCl. 

The determination of the combining capacity of deaminized gelatin 
was carried out by a method similar to that already employed in the 
case of gelatin.^-*® This consists in measuring the pH in protein 
solutions containing various amounts of acid, and subtracting from the 
total acid concentration the amount of acid required to give the same 
pH to an equal volume of water. The difference represents the 
amount of add combined with the protein, and by dividing by the 
protein concentration figures may be obtained for the amounts of add 
combined with 1 gm. of protein at different pH values. It was found in 
the case of gelatin*® that the amoimts so obtained for a given pH 
were independent of the protein concentration, and that between pH 
1 and 2 the amount of hydrochloric acid combined with 1 gm. of 
gelatin was constant. 

** Loeb, J., /. Gen. Physiol., 1922-23, v, 109. 

** Michaelis, L., Die WasserstofiBonenkonzentration, Berlin, 1914, 184. 

“Northrop, J. H., J. Gen. Physiol., 1921-22, iv, 629. 

“Loeb, J., Proteins and the theory of colloidal behavior. New York and 
London, 1922, 51. 

*® Hitchcock, D. I., /. Gen. Physiol., 1921-22, iv, 73.3. 
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In the case of deaminized gelatin the method was modified by per- 
forming the titration with a single sample of protein, instead of making 
up a fresh sample to the same volume for each pH deteiminatian. A 
vessel of the type described by Bovie^* was used, with an electrode of 
platinized platinum wire and bubbling hydrogen. Contact was 
made with a saturated.potassium chloride bridge through a tube not 
quite tightly closed by a groimd glass stopper. Junctions of this type 
were tested by Lamb and Larson‘S and recommended by LaMer and 
Baker.i® The salt bridge was connected to a saturated potassium 
chloride calomel cell, and the whole apparatus was kept in a water 
bath at 33° ±0.1. 50 cc. of the protein solution were placed in the 
cell, and after the electrode had come to equilibrium the titrations were 
made by running in standard HCl solution from a burette. After each 
addition of acid, readings of the e.m.f. were taken at intervals imtil 
they became constant for 2 minutes. The e.m.f. measurements were 
made with a Leeds and Northrup portable potentiometer reading to 
0.5 millivolt. 

The calculation of the combined hydrochloric acid was performed as 
follows: 

Let a *= No. of cc. of HCl added to e cc. of protein solution. 
h =* concentration of HCl in burette, mols per liter. 
c = initial concentration of protein solution, gm. per liter. 
d = concentration of HCl having the same pH in water alone, mols per Hter. 
e « initial volume of protein solution, cc. 


Then a -f e = volume of mixture, cc. 

»= concentration of HCl in mixture, mols per liter. 


ah 


combined HCl, mols per liter. 


ec 

a+e 

ah ^ cd ^ ed 


ec 


concentration of protein in mixture, gm per liter, 
mols of HCl combined with 1 gm. of protein. 


The values of d were obtained from the curve constructed in connection 
with the previous work on gelatin;i^ this curve was checked by titrating 

50 cc. of water with 0.201 M HCl in the new apparatus. j. In case the 

« 

Bovie, W. T., /. Am. Chem. Soc., 1922, xliv, 2892. 

” Lamb, A. B., and Larson, A. T., /. Am. Chem. Soc., 1920, xlii, 229. 

LaMer, V. K., and Baker, L. E., J. Am. Chem. Soc., 1922, xliv, 1954. 
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original protein solution is not at the isoelectric point, the values for 
the combined add must be corrected by adding or subtracting a con* 
stant amount to make the point of zero combination coindde with the 
isoelectric point. The only assumptions involved in the calculation 
are those used previously; namely, that the same concentration of 
uncombined HCl is required to give the same pH to equal volumes of 
water and of protein chloride solution, and that there is no add com- 
bined with the protein at its isoelectric point. 


TABLE I. 

TitraUon of Deaminited Gelatin vnih Hydrochloric Acid. 


A 

B 

C 

D 

HCl 

pH 

HCl 

pH 

HCl 

pH 

Ha 

pH 

CC. 


cc. 


cc. 


cc. 


0 

3.88 

0 

4 02 

0 

4.02 

1.20 

3.61 

0.50 

3.18 

0.94 

3.66 

1.29 

3 53 

1.90 

3.35 

0.99 

2.78 

2.81 

2.94 

2.94 

2 88 

2.80 

2.99 

1.99 

2.29 

4.58 

2.32 

4.92 

2.21 

4.40 

2.45 

3.17 

2.03 

6.58 

2.00 

5.93 

2.02 


1.98 

4.51 

1.85 



6 93 

1.89 







1 8.43 

1.75 


1 


A. Preparation 3. Initial volume, e <= 50 cc. Concentration of protein, 
c - 6.99 gm. per liter. Concentration of HCl, d = 0.201 M. 

B and C. Preparation 2. Initial volume, e => 50 cc. Concentration of protein, 
c «• 29.69 gm. per liter. Concentration of HCl, d = 0.201 m. 

D. Prqtaration 2. In this case the solutions were made up to constant volume 
before measuring pH. The figures are cc. of 0.1003 u HCl contained in 35 cc. 
of solution containing also 0.743 gm. of deaminized gelatin. 

The results of the titration experiments are given in Table I. From 
these results the amoimts of hydrochloric add combined with 1 gm. 
of protein were calculated in the way just described; the quantities so 
obtained are plotted in Fig. 2. The correction mentioned was neces- 
sary only in the case of Experiment A; in the other cases the solution 
happened to be at the isoelectric point when the dialysis was stopped. 
The curve indicates that deaminized gelatin has a maximum combin- 
ing capadty of 0.00044 mols of HCl per gm. of protein. 
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IV. 


CONCLUSIONS. 

In a previous paper" it was stated that 1 gm. of gelatin could combine 
with 0.00092 mols of HCl. This figure should be corrected by sub- 
tracting the a m ount of acid necessary to shift the zero point from pH 
4.78 to 4.70, the isoelectric point of gelatin. This correction makes the 
value for the maximum combined HCl 0.00089 mols per gm. of gelatin, 
and changes the combining weight of gelatin to about 1,120. 



The number of equivalents of amino nitrogen removed in deaminiz- 
ing 1 gm. of gelatin was found to be 0.00040, and this was checked by 
the loss in total nitrogen. The difference between the maximum com- 
bining capacities for HCl of 1 gm. of gelatin and 1 gm. of deaminized 
gelatin is 0.00089 — 0.00044 = 0.00045. Considering the limitations 
of the methods which had to be employed to get these figures, the 
agreement is good. 

This means, then, that the loss in combining capacity for HCl 
suffered by 1 gm. of gelatin in being deaminized is chemically equiva- 
lent to the number of amino groups removed. The combining 
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capacity for HCl still retained by deaminized gelatin is presumably 
to be ascribed to the NH groups which are not attacked by HNO*. 
For each atom of nitrogen lost in the deaminizing reaction, the protein 
loses the capacity to combine with one hydrogen ion. Therefore the 
present work constitutes a new indication of the truly chemical nature 
of the combination between protein and acid. 


V. 


SUMMARY. 

1. The analysis of isoelectric gelatin by the Van Slyke method 
indicates 0.00040 equivalents of amino N per gm. gelatin. 

2. If deaminized gelatin is prepared without heating, the product 
contains less nitrogen than the original gelatin by an amount equal to 
0.00040 equivalents N per gm, protein. 

3. Deaminized gelatin, prepared either with or without heating, 
contains no amino nitrogen detectable with certainty by either the 
Van Slyke or the formol titration method. 

4. The isoelectric point of deaminized gelatin prepared without 
heating is at pH 4.0. 

5. The maximum combining capacity of this protein for HCl is 
0.00044 equivalents per gm, 

6. The maximum combining capacity of gelatin for HCl should be 
corrected to 0.00089 equivalents per gm. 

7. The difference between these maximum combining capacities, 
0.00045, is nearly equivalent to the loss in amino or total nitrogen 
occurring in the deaminizing reaction. 

8. This equivalence constitutes a new indication that the com- 
bination of protein with acid is chemical combination. 

The writer is indebted to Dr. Jacques Loeb for suggesting this work. 



[Reprinted from The Jouenai, o» General Physiology, September 20, 1923, Vol. vi. 

No. 1, pp. 105-129.] 


ON THE LOCATION OF THE FORCES WHICH DETERMINE 
THE ELECTRICAL DOUBLE LAYER BETWEEN 
COLLODION PARTICLES AND WATER. 

By JACQUES LOEB. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, July 12, 1923.) 


I. 

The electrical double layer surrounding solid particles suspended 
in water is assumed to be due to a difference in the concentration of 
the oppositely charged ions of an electrolyte in the enveloping film 
(t.e. the film of water which adheres to and moves with the particle 
in an electrical field) and the opposite film. This difference in 
concentration is generally ascribed to a preferential adsorption of one 
kind of a pair of oppositely charged ions by the suspended particle. 
Such a definition is inadequate inasmuch as the term adsorption in- 
cludes two entirely different kinds of forces; namely, first, forces 
inherent exclusively in the water, and second, forces of attraction 
between the suspended particle and the adsorbed ions. Forces in- 
herent exclusively in the water are responsible for the cataphoretic 
migration of gas bubbles in water in which the gas bubbles are nega- 
tively charged since the nature of the gas is of no influence on the p.d. 
McTaggart' suggested that in this case there exists an excess of OH 
ions in the film of water which envelops the gas bubble (adhering to 
and moving with it) ; while the opposite film has an equal excess of H 
ions. The writer has recently suggested that this electrical double 
layer might be due to an orientation of the molecules of water at the 
surface of the water whereby the oxygen atoms of the water molecules 
are turned outwards and the two hydrogen atoms or ions are turned 
inside into the water.* Such an orientation of the molecules of water 
at the free surface migh t also explain the well known fact that the 

‘ McTaggart, H. A., Phil. Mag., 1914, xxvii, 297; xxviii, 367; 1922, xUv, 386. 

* Loeb, J., J, Gen. Physiol., 1922-23, v, 513. 
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smallest particles tom off mechanically from the surface of water are 
negatively charged, since it would be likely that if fine particles are 
tom off from the surface they would carry an excess of OH ions with 
them, leaving behind an excess of H ions. It is, however, possible that 
the anion responsible for the negative charge in these cases might not 
have been the OH ion but the anion of an electrolyte present in small 
traces. Our recent experiments have led us to suspect that such im- 
purities play a greater rdle in the cataphoretic f.d. of solid particles 
in “pure water” than has been realized. As has been pointed out by 
Lenard* and McTaggart, there can be no doubt that the electrical 
double layer is in these cases determined entirely by forces inherent 
in the water itseK. There is no reason why these forces should not 
also influence the cataphoretic p.d, at the boimdary of solid particles 
and water. 

The second source of an unequal distribution of a pair of oppositely 
charged ions at the boundary of suspended particles and water are 
forces inherent in the suspended particles whereby ions of a definite 
sign, either positive or negative, are attracted by the particles. We 
have a clear case of the action of such forces when a substance dis- 
solved in the water, e.g. a protein, forms a durable irreversible film 
on the surface of the particle. 


n. 

The influence of ordinary electrolytes, such as HCl, H 2 SO 4 , NaOH, 
NaCl,CaCls,LaCl», NasSOi, andNa 4 Fe(CN)e, on the cataphoretic p.d. 
of collodion particles in water has already been described, < but for 
the convenience of the reader Figs. 1 and 2 are reproduced from a 
preceding paper, illustrating the effect of the electrolytes mentioned 
on the cataphoretic p.d. of collodion particles. 

Fig. 1 shows the effect of different concentrations of HCl, H 2 SO 4 , 
and NaOH on the cataphoretic p.d. of collodion particles measured 
by microscopic observation of the rate of piigration of the particles 
as described in a previous paper,* and calculated from these measure- 
ments with the Helmholtz-Perrin formula (multipl)ring by 14 the 

•Lenard, P., Ann. Physik, 1915, xlvii, 463. 

* Loeb, J., /. Gen. Physiol, 1922-23, v, 109. 
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vdodly of migration in cm.~* for a gradient of 1 volt per cm. at 20'’C. 
The distilled water, before add or alkali was added, had a pH of about 
5.8 and the cataphoretic f.d. of the partides was about 30 millivolts, 



o JIUM H HH M H M M M M M 
^ 3Z7Ge]638t8l9Z409e 2048 10» 512 256 128 64 32 16 8 

Concentration 


Fig. 1. Influence of acid and alkali on the cataphoretic p.d. between collodion 
particles and water. The original pH of water was about 5.0. The abscissae are 
the concentrations of acids or alkali, the ordinates are the p.d. in millivolts. 
The collodion particles were negatively charged. The line marked ‘‘Critical p.i».” 
(at 16 millivolts) is the p.d. below which the collodion suspension is no longer 
stable. 

the partides being negatively charged. The addition of either add or 
alkali increased this negative charge until a maximum was reached 
which was slightly higher for NaOH than for HCl, being about 65 




420 


ORIGIN OF DOOBUE lAVER 


millivolts in the case of NaOH and about 55 millivolts in the case 
of HCl. This m&dmum was reached when the concentration of add 
or alkali was between m/ 1 ,000 and m/SOO. A further increase in con- 
centration of the add or alkali depressed the p.d. again. 
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Fio. 2. Influence of Na 4 Fe(CN) 6 , Na 2 S 04 , NaCl, CaClj, and LaClj on the 
P.D. at pH 5.8. Addition of little salt with monovalent cation raises the p.d. 
to about 70 millivolts and the more rapidly the higher the valency of the anion. 
With CaClj only a slight rise and with LaCls no rise occurs in the concentrations 
used. In concentrations above m/64 LaCh causes a reversal of the sign of charge 
of the particles. 

What interests us here are the following two facts: that the collodion 
particles are always negatively charged and that the addition of add 
or alkali at first increases the p.d. and the more so the higher the con- 
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centrati'on of the acid or alkali added, as long as the concentration 
remains below a concentration somewhere between m/1,000 and 
m/500. This means that no matter whether we add add or alkali 
to water of pH 5.8, the enveloping film of water (adhering to and 
moving with the collodion partide) will have an excess of anions. 
The fact that the addition of add to distilled water renders the collo- 
dion particles more negative is very striking and it suggests that 
collodion might behave like a positively charged body always com- 
bining with anions even in add solution. 

Fig. 2 gives the effect of different concentrations of NaCl, NajS 04 , 
Na 4 Fe(CN) 6 , CaCU, and LaCU on the cataphoretic p.d. of collodion 
partides in water at pH of about 5.8. Without salt the p.d. of the 
partides was about 22 millivolts, but rose at first with the addition of 
salt, and the more rapidly the higher the valency of the anion, until 
a maximum of about 70 millivolts was reached, after which a further 
increase in the concentration of the salt caused a diminution of the 
P.D. The rise was considerably less when a salt like CaClj (or MgCI», 
Bads) was used, and apparently no rise occurred when LaCh was 
added. In this case a depression of the p.d. occurred even when the 
concentration of the salt was as low as m/32,000. LaCU reverses the 
sign of charge of the double layer at a concentration of between m/128 
and m/64. None of the salts with monovalent or divalent cation 
causes such a reversal in concentrations at which the P.D. can still be 
conveniently measured. The fact that trivalent or tetravalent ions 
may reverse the sign of cataphoretic charge is a well known and uni- 
versal phenomenon. McTaggart found that LaCh and Th(NO »)4 even 
make gas bubbles positive.* 

The fact which interests us in Fig. 2 is that salts with monovalent 
and divalent cations at first raise the negative charge of the particles 
in cataphoresis (that is, as long as the concentration of the salts does 
not exceed a certain value). It may be mentioned incidentally that 
LiCl and KCl act on the cataphoretic p.d. almost quantitatively like 
NaCl. Since in all these cases the enveloping film has an excess of 
anions which at first increases with the concentration of the electro- 
lytes (LaCls or ThCU excepted), it again looks as if the excess of 
anions in the film might be due to a preferential attraction of anions 
by the collodion particle. With the aid of dyes and proteins it can 
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be sho^m, however, that cations of these latter substances can form 
durable iBlms on collodion, but that the anions cannot do so. When 
collodion particles are put into a solution of an acid or basic dye, it is 
found that at pH 5.8 they remove the dye from the solution and are 
themselves stained correspondin^y when the dye is basic but less or 
not at all when it is acid. They thus “adsorb” dye cations, e.g. basic 
fuchsin, neutral red, malachite green, but not dye anions, e.g. add fuch- 
sin, methyl orange, or congo red. When solutions of gelatin or albumin 
are used, the collodion particles are covered with a film of gelatin or 
of crystalline egg albumin when the protein is a cation (e.g. in the 
case of albumin chloride), but not when the protein Is an anion (e.g. in 
the case of Na albuminate). This suggests that the increase in the 
negative charge of the collodion particles caused by the addition 
of ordinary ciystalloidal electrolytes, as expressed in Figs. 1 and 2, 
cannot with any degree of certainty be attributed to the chemical 
forces inherent in the collodion, but must be attributed to forces 
inherent in the water, unless further evidence to the contrary is 
furnished. 


in. 

Solutions of six dyes were prepared in water of pH 5.8 in concen- 
trations var 3 dng from m/2,000,000 to about m/256, i.e. those con- 
centrations in which it was possible to measure the rate of motion of 
the partides in the solution of the dye with the aid of dark field 
illumination. 

Fig. 3 gives the results. A comparison of Figs. 2 and 3 suggests 
that the salts of the three add dyes, congo red, methyl orange, and 
add fuchsin, act like NaCl or Na 4 Fe(CN)e; namely, the addition of 
the dye raises at first the cataphoretic p.d. until a maximum is 
reached which lies at a molecxilar concentration of the dye between 
m/4,096 and m/1,000; after which a further increase in the concen- 
tration of the dye causes a diminution of the p.d. The ions of the 
dye are in this case anions which cannot form a film on the surface 
of the collodion particles. 

The influence of the three basic dyes on the cataphoretic p.d. is 
entirely different. These dyes do not raise the cataphoretic pj>. of 
the collodion particles but depress it so powerfully that in concentra- 
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Mcdar concentration of dye 

Fro. 3. Influence of dye salts on the cataphoretic p.d. of collodion particles 
originally of pH 5.8. Basic dyes (basic fuchsin, neutral red, and malachite 
green) depress the p.d. and reverse its sign at low concentrations; add dyes (add 
fuchsin, methyl orange, and Congo red) act in the way of ordinary salts like NaCl 
(see Fig. 2). 

tions between m/16, (KX) and m/4,000 the sign of the charge of the 
particles is already reversed, the enveloping film of water assuming a 
positive charge. In the case of basic fuchsin the p.d. becomes 40 
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millivolts at a concentration of about m/ 1,000 or m/SOO, Ae particles 
being positively charged. In this case the dye exists as cations and 



Motor concentration of basic fuchsin 


Fio. 4. A basic dye (bamc fudisin) depresses the p.d. of collodion particles and 
reverses its sign not only at pH 5.8 but also at 3.0 and 11.0. 
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these cations form a visible durable film on the surface of the collodion 
partcles. The migration of the particles was measured immediately 
afterthe collodion particles were put into these dyes. The depressing 
and reversing action of the basic dyes, e.g. basic fuchsin, occurs not 



Fig. S. Proof that the film formed on collodion particles by a previous treat- 
ment with dye cations (basic fuchsin, neutral red, safranine) lowers the effect 
of Na 2 S 04 on the p.d., while the effect of this salt on the p.d. of collodion particles 
previously treated with dye anions (add fuchsin, Congo red) is the same as upon 
non-treated partides. In acid dyes no film of dye is formed on the partides. 

only when the basic dye is dissolved in ordinary distilled water at^pH 
5.8 but also when it is dissolved in n/1,000 HCl or n/1,000 NaOH 
(e.g. at pH about 3.0 and 1 1 .0) as shown in Fig. 4. The concentration 
at which the dye reverses the sign of charge of the particles increases 
with the pH. 
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The basic dyes form a more or less dmable film on the surface of the 
collodion particles and it seemed of interest to study to what extent 
such a film might alter the influence of ordinary salts on the cata- 
phoretic p.d. of the particles. CoUodion particles were kept for 24 
hours in 1/10 per cent solution of different dyes. They were then freed 
from the dye with the aid of the centrifuge and suspended in water of 
pH 5.8 (free from dye). Those which had been kept in basic dye were 
stained, while those that had been kept in the acid dye were not 
stained. It was expected that the latter particles would behave like 
ordinary particles of collodion not previously treated with any dye; 
while the particles kept over night in a solution of a basic dye would 
retain at their surface a number of dye cations which would diminish 
the negative charge imposed on the particle by the anions of any 
ordinary salt like NajS 04 . After having been washed in water of pH 
5.8, the collodion particles were put into solutions of NajSO^ of 
different concentrations and their cataphoretic p.d. was measured at 
pH 5.8 in these solutions. Fig. 5 gives the results. The collodion 
particles previously treated with add dyes (add fuchsin or congo red) 
behaved like non-treated collodion partides, assuming a maximal p.d. 
of over 60 millivolts. The partides previously treated with basic 
dyes and which were slightly stained assumed a maximal p.d. of only 
45 millivolts or less. The ions of the dye left at the surface of the 
collodion partides therefore diminished the negative charge due to the 
excess of SO* ions forced into the stratum of water touching the collod- 
ion partides. The enveloping film of the collodion partide may then 
in this case be conceived as being a mosaic of dye cations (held 
chemically at the surface of the collodion partides) and of SO* and 
possibly OH ions driven into the enveloping film by forces inherent 
in the water. 

The experiment was repeated with CaClj as the testing salt and the 
same difference was foimd. The p.d. of the coUodion partides 
previously treated with basic fuchsin was depressed more by CaCla 
than the p.d. of the partides previously treated with add fuchsin 
(Fig. 6). 

It is, however, worthy of notice that the enveloping film did not 
assume a positive charge at pH 5.8 when the coUodion partides had 
previously been stained with a basic dye; and furthermore, it is worthy 



JACQUES LOEB 


427 


of notice that in Fig. 5 the character of the curves expressing the in- 
fluence of NagSOi on the cataphoretic p.d. is the same in the stained 
and the non-stained particles of collodion. The only difference is a 
slight diminution of the p.d. in the stained particles. One might be 
tempted to assume that the dye cations formed only a small part of 
the area of the enveloping film. 



Fig. 6. Proof that the film formed on collodion particles by a previous treat- 
ment with dye cations (basic fuchsin) increases the depressing effect of CaCl* 
on the P.D., while a previous treatment with dye anions (acid fuchsin) has no 
such effect. 

rv. 

The influence of protein salts on the cataphoretic p.d. of collodion is 
of special interest. The isoelectric point of crystalline egg alb umin 
is at pH 4.8, and it was shown in a preceding publication that a protein 
film is formed on the surface of collodion particles kept over night in 
a weak solution of isoelectric albumin.* These albumin-covered 
collodion particles were separated from the protein solution with the 
centrifuge and were then transferred into water of different pH to 
test the effect of electrolytes on their cataphoretic P.D. It was found 

* Loeb, J., /. Gen. Physiol., 1922-23, v, 479. 
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that at pH 4.8 or below, electrolytes influenced the particles as if 
they consisted of egg albumin, while for pH > 4.8, i.e. on the alkaline 
side of the isoelectric point of albumin, the particles behaved as if 
the albtunin had been dissolved and as if only uncoated collodion 
particles were left. In the light of the experiments with dyes these 
results seem dear. At a pH above 4.8 the albumin forms only anions 
and these are incapable of being bound chemically by the collodion 
partides, while on the add side of the isoelectric point albumin ions 
exist in the form of cations capable of being bound by the collodion and 
hence forming a durable film on the surface of the partides. That the 
isoelectric albumin is also bound at the surface of the collodion 
particles is of significance for the theory of the nature of the forces 
by which albumin is held by collodion, but this problem will not be 
considered in this paper. On the basis of these experiments it was to 
be expected that at a pH above 4.8, solutions of crystalline egg albumin 
should influence the cataphoretic p.d. of collodion partides similarly to 
solutions of add dyes or of ordinary salts; while at a pH of 4.8, or 
below 4.8, the cataphoretic p.d. should be depressed in low concen- 
trations of the protein. 

Solutions of crystalline egg albumin varying from 1/500,000 of 1 
per cent to 1 per cent were prepared at five different pH; namely, 
11.0, 5.8, 4.8 (isoelectric point), 4.0, and 3.0, and the cataphoretic 
P.D. of collodion particles in these solutions was measured immediately 
(*.c. within less than 5 minutes after the collodion particles had been 
put into the solutions). Only the experiments with concentrations 
up to 1/16 per cent could be used without making a correction for the 
increase in the viscosity due to the protein in the calculation of the 
cataphoretic p.d. from the velodty of migration. When the concen- 
trations of the protein exceeded 1/16 per cent, the influence of the 
increased viscosijiy had to be taken into consideration. The results 
of the experiments are given in Fig. 7. At pH 11.0 and 5.8 the addi- 
tion of albumin did not alter the cataphoretic p.d. of the collodion 
particles at all. To judge from the experiments with acid dyes, the 
sodiiun albuminate could only have acted in this case like NaCl 
or NasSO«, causing an initial rise of the P.D., but on account of the 
enormously high molecular weight of the albumin molecule — about 
34,000 according to Sihrensen — even a 1/16 per cent solution of sodium 
albuminate could have caused no increase in the p.d. at pH 5.8 or 11.0. 
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At pH 4.0 and 3.0, where the alb umin forms a durable film on the 
surface of the collodion particles, the negative charge of the collodion 
particles is always annihilated at a low concentration of the albumin, 
1/32,000 and 1/65,000 of 1 per cent respectively, and when the con- 
centration of albumin rises above this value, the particles become 



Fig. 7. The cataphoretic p d of the negatively charged particles of collodion 
is depressed by low concentrations of egg albumin of pH 4.8 or below but is not 
affected by egg albumin at pH 5 8 or 11.0. Low concentrations of egg albumin 
(1/130,000 and 1/32,000 of 1 per cent respectively) reverse the sign of the p.d. 
at pH 3.0 and 4 0 At pH 4 8, 4 0, and 3.0 where albumin influences the p.d. 
it forms a film on the collodion particles. 
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positively charged. The molecular concentration of albumin where 
tiiis reversal of the sign of charge of the collodion particle occurs must 
therefore be in the neighborhood of 10“* M, This is an order of 
magnitude which possibly approaches that of the efficiency of proteins 
in immunity and anaphylaxis. 



Concentretion of gelatin in pep cent 


Flo. 8. The influence of low concentrations of gelatin on the cataphoretic p.o. 
of collodion particles is similar to that of egg albumin in Fig. 7. 
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Similar experiments were made with solutions of gelatin and it was 
found that gelatin behaves like albiunin, as Fig. 8 shows. The nega- 
tive charge of collodion particles was reversed in solutions of gelatin 
chloride of pH 3.0 when the concentration of the gelatin was 1/60,000 
of 1 per cent; and at pH 4.0 when the concentration of the gelatin 
was between 1/8,000 and 1/16,000 of 1 per cent. At the isoelectric 





Molar concentration of fICl 

Fio. 9. Proof that gelatin forms a durable film on collodion particles only when 
it is isoelectric or on the acid side of its isoelectric point. 

point of gelatin the p.d. of the collodion particles was brought to zero 
at a concentration of about 1/2,000 of 1 per cent, but no reversal of 
the sign of charge occurred. 

When collodion particles were left overnight in a 1/10 per cent 
sodium gelatinate solution of pH 11.0 and then separated from the 
protein solution by the cent^uge, they behaved cataphoretically 
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like particles not treated with proteins; while when the collodion 
particles were left overnight in a 1/10 per cent solution of isoelectric 
gelatin (pH 4.7) or of gelatin chloride at pH 3.0, they behaved after 
being separated from the protein solution with the centrifuge like 
gelatin particles. This difference could be demonstrated by experi- 
ments on the influence of adds on the cataphoretic p.i>. of these 



Concentration of peptone in per cent 


Pig. 10. Peptone acts similarly to albumin. See legend of Kg. 7. 

collodion partides (Fig 9). The upper ciuve in Fig. 9 shows that 
when the partides had previously been treated with Na gdatinate of 
pH 11.0 the addition of add caused no reversal; if there had been a 
film of gelatin on the collodion partides they would have become 
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positive under the influence of add. Such a reversal was observed 
when the particles had been treated with isoelectric gelatin or with 
gelatin chloride (the two lower curves in Fig. 9). 

v. 

It was then intended to find out whether or not hydrolyzed proteins 
and amino-adds could still act like a protein on the cataphoretic p.d. 
Witte’s peptone acted like a protein though the greater part of the 
original protein used for this preparation is hydrolyzed. Migration 
experiments showed that the isoelectric point of Witte’s peptone is 
near pH 4.3. At pH 11.0 the peptone must have existed as anions, 
while at pH 3.0 it must have existed as cations. Filtered solutions of 
Witte’s peptone containing from 1/65,000 to 1 of 1 gm. dry weight 
of peptone in 100 cc. of water were prepared at pH 1 1 .0 and 3.0. Parti- 
cles of collodion were put into these solutions and the rate of thdr 
cataphoretic migration was determined. Fig. 10 shows that at pH 
11.0 the peptone had practically no effect on the cataphoretic P.D., 
while when the pH was 3.0 a solution of peptone of 1/32,000 of 1 
per cent reversed the sign of migration of the particles. 

When particles of collodion were kept overnight in a 0.5 per cent 
solution of isoelectric peptone and then separated from the peptone 
solution by centrifuging, they behaved in aqueous solutions of different 
salts (NaCl, CaCls, LaCU, Na 2 S 04 , and Na 4 Fe(CN) 6 ) like protein 
particles, the cataphoretic curves being like those described in the 
case of casein, denatured egg albumin, etc., thus showing that peptone 
or the non-hydroiyzed protein left in peptone forms a durable (not 
easily reversible) film on the surface of collodion particles. This was 
also corroborated by experiments on anomalous osmosis. 


VI. 

When, however, experiments were made with solutions of salts of 
amino-adds like alanine, tyrosine, or leudne, it was found that they 
always acted like ordinary crystalloidal salts. Since alanine is very 
soluble, it was possible to work with solutions as high as 1/16 gram 
molecular. Such solutions of alanine were prepared at three different 
pH, 3.0, 5.8, and 11.0. Collodion particles were put into the alanine 
solutions and their rate of migration was measured immediately. At 
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pH 3.0 the alanine existed as cations; if alanine acted like alhiimm or 
gelatin or peptone, it should have reversed the negative charge of the 
collodion particles. 

Fig. 11 shows that no such reversal occurred. Without salt the p.d. 
of the collodion particles was about 32 millivolts at pH 5.8. Nothing 



Molar concentration of alejnine 


Fig. 11. Alanine acts on the cataphoretic p.d. like ordinary salts of the type 
NaCl. 

changed until the concentration of alanine exceeded m/1,024 when the 
P.D. dropped. In m/32 the p.d. of the particles was still negative 
(about 11 millivolts). Hence alanine chloride acted like NaCl but 
not like a basic dye or protein chloride on the cataphoretic p.d. of the 
collodion particles. 

At pH 5.8 the alanine is practically non-ionized and hence should 
leave the cataphoretic p.d. unchanged. Fig. 11 shows that this is 
true within the Umits of the accuracy of the experiments. At pH 11.0 
the sodium salt of alanine acts as any other salt, e.g. NaCl, would at the 
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same pH on the cataphoretic p.d. of collodion particles, depressing 
the P.D. when the concentration of sodium alaninate exceeds m/2S6. 
There is no rise of the p.d. when the concentration of Na alaninate is 



Molar concentration of MCI 

Fig. 12. Proof that amino-acids form no durable film on collodion particles. 
HCl of different concentrations affects the p.d, of collodion particles kept over- 
night in 1/25 per cent solution of tyrosine in the same way as if the particles 
had not been treated; while particles treated overnight in a solution of isoelectric 
I>eptone are rendered p)ositive when the pH of the HCl solution falls below that 
of the isoelectric point of peptone (4.3). 

below this value for the reason that at pH 11.0 the p.d. is already over 
SO millivolts if no salt is added, so that salts can raise it only slightly 
at pH 11.0. NaCl acts in the same way on the cataphoretic p.d. 
of collodion particles as does Na alaninate. 
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The ejq)erraients with ammo-adds seem of crudal importance since 
they show the difference between the action of ions which form durable 
films on the collodion partides and hence are attracted into the 
enveloping film by forces inherent in the collodion and of ions which 
do not form durable films. The amino-add salts no longer act like 
proteins or peptone on the collodion partides but like ordinary 
crystalloidal salts. In order to make sure that the amino-adds do 
not form any durable film on the collodion partides, such particles 
were left overnight in 1/25 per cent solutions of tyrosine or 1/100 per 
cent solutions of leucine at pH 5.8 (near their isoelectric 
point). The next day they were separated from the solution of 
amino-acid with the aid of a centrifuge and the influence of different 
concentrations of HCl on the cataphoretic p.d. of the particles was 
tested. The upper curve in Fig. 12 gives the result, showing that 
HCl influenced the p.d. of these particles in the same way as if 
they had not been treated with tyrosine. If there had been any 
durable film of tyrosine on the particles, a low concentration of 
acid, e.g. that of the isoelectric j^oint of tyrosine, should have 
caused a reversal of the sign of charge of the particle, which was 
not the case. When the particles were left overnight in peptone, 
HCl reversed the sign of charge of the particles already in a con- 
centration of between m/32,000 and m/16,000, i.e. when the pH 
was that of the isoelectric point of peptone (lower curve in Fig. 12). 
This leaves no doubt that amino-acids form no durable film on 
the surface of the collodion particles. It was found that Icudne 
also acts like tyrosine. 

VII. 

Since McTaggart was able to show that gas bubbles, which are 
naturally negatively charged, assume a positive charge in a solution of 
LaCls, it is obvious that the forces inherent in the aqueous solution 
itself can cause an excess of positive ions in the enveloping film. This 
does, however, not exclude the possibility that La (and Th) ions are 
also attracted chemically by the collodion particle. The only way of 
testing this was to find out whether Lads (or ThCU) acts like basic 
dyes or like protein chlorides, forming durable films which change the 
cataphoretic p.d. of collodion particles as do the films of basic fuchsin 
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or of proteins. If durable films are formed on the collodion particles 
by LaCls, it would prove that ordinary salts are dragged into the 
enveloping film by the chemical forces inherent in the collodion parti- 
cles; while when no durable film is formed such an attraction is not 
absolutely disproved. 

Particles of collodion were kept overnight in 50 cc. of m/8 LaClj at 
pH 3.0 and at pH 5.8. The particles were then separated from the 
solution with the centrifuge and then washed twice with distilled 
water of pH 5.8 and separated by the centrifuge from this water in 
order to separate the particles completely from the LaCU solution, 
without removing a possible film of salt formed on the particles. 
The influence of various concentrations of NaCl on the cataphoretic 
velocity of the particles was then measured and compared with the 
influence of NaCl on collodion particles not previously treated with 
Lads. The pH in all these velocity measurements was 5.8. 

It was found that the influence of NaCl on the p.d. of the particles 
previously treated with LaCls was the same as that on particles not 
treated with salt. There is then thus far no indication that ordinary 
salts like LaCls form durable films on the surface of collodion particles. 


vni. 

Solid particles suspended in water which are not ionized (and this 
is possibly true for collodion particles) can only move in an electrical 
field if they attract ions from the water or if ions are forced into the 
enveloping film (which adheres to the particle and moves with 
it) by forces inherent entirely in the water. The experiments con- 
tained in this paper show that both cases may occur. Proteins and 
basic dyes are attracted chemically by the particles, since both sub- 
stances form durable films on the surface of the particle. The protein 
ions as well as the dye cations contribute to the electric charge of the 
enveloping film adhering to and moving with the collodion particles. 

The question arises whether not all the charges of the collodion 
particles are due to such an attraction of the ions of ordinary 
electrolytes by the collodion particles. Our experiments show that 
this is probably not the case, for the following reason. The collodion 
particles are negatively charged in water and the addition of ordinary 
electrolytes of thetypeHCl, ILS04,Na0H,NaCl,Na»S04,Na4Fe(CN)j, 
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and CaClt increases the negative charge of the [articles as long as the 
concentratian of the dectrolyte is low. If this phenomenon were due 
to a chemical attraction between particle and solute, it would mean 
that the collodion particle attracts anions but not cations. Such an 
assumption is, however, refuted by the experiments with dyes and pro- 
teins which show that only dye cations and protein cati<ms are attracted 
hut not protein anions. In all probability the forces of attraction in 
this case are not ionic at all since isoelectric protein also forms durable 
films with collodion particles. There remains then only the other 
possibility that the negative charge of collodion particles in water and 
the increase of this negative charge through the addition of low con- 
centrations of electrolytes is due to forces inherent in the water, by 
which the extreme surface film of water has an excess of anions. 

If this reasoning is correct, it leads to several interesting conclusions 
concerning the orientation of molecules and ions in the surface of the 
water. It is possible that these forces cause a definite orientation of 
the water molecules themselves of such a nature that the oxygen 
molecules of the water are turned outside, while both hydrogen ions 
are turned inwards. A small fraction of these molecules of water are 
dissociated electrolytically, so that as a consequence of the orienta- 
tion of the water molecules the film of water enveloping the collodion 
particles and moving with them has an excess of anions. When a salt 
or alkali with monovalent cation is added to the water, the mole- 
cules of the solute at or near the surface will also be oriented in such 
a way that their anions are turned towards the free surface of the 
water (or towards the collodion particle), while the cations are turned 
inwards. 

This tendency of the cation to be driven farther away from the 
interface and deeper into the water diminishes apparently with its 
increasing valency. Thus in the case of salts like LaCh or ThCl* 
we must assume that it has disappeared completely or that it is 
even reversed, McTaggart has shown that low concentrations of 
LaCU and still lower concentrations of Th(NOs)4 suffice to render 
gas bubbles positive in cataphoresis. This means that the ions of 
such salts no longer orient themselves in such a way as to turn 
their anions to the free surface of the water. Their orientation has 
ceased or may bfc even reversed. In this case only the forces inherent 
in the water itself are responsible for the molecular orientation. 
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In the case of electrolytes with monovalent cation the tendency of 
the anion to go in the enveloping film of the water may increase with 
the valency of the anion, though this is not certain. 

When an electrol3rte is added which forms a durable film on the 
surface of the particle, the situation is entirely different. In this 
case the dye cation or the protein cation of the film furnishes part of 
the charge of the enveloping film , while the other part is furnished by 
the excess of anions driven into the film by the forces inherent in the 
water itself. 

We do not know at present the thickness of the enveloping film of 
water which adheres to and moves with the suspended particle; ».e., 
whether this film is only one molecule deep or whether it is several 
molecules in thickness. Since ordinary electrolytes like NaCl, 
Na2S04, etc., raise the surface tension of the water it is possible that 
their ions do not reach the outermost layer of the water. The question 
then arises how the molecules of a salt can influence the cataphoretic 
P.D. We must, in this case, also assume that the molecules of a salt 
are oriented in the surface layer but that the orientation occurs in a 
layer beneath the outermost surface stratum. Such an assumption 
was made by Lenard on the basis of his waterfall experiments, which 
led him to the conclusion that the outermost surface consists of H2O 
molecules and that if salts are dissolved in the water, the cations are 
nearer to the sinface than the anions. Since the addition of little 
salt increases the negative charge of collodion particles in cataphoresis, 
it would follow that as long as the concentration of a salt is small and 
the cations are only monovalent, the anions are nearer the 
interface than the cations; while with higher concentrations of the 
salts or with higher valency of the cation this difference disappears or 
is reversed. 

The measurements of the rate of migration of the particles were 
carried out by the writer’s assistant, Mr. M. Kunitz. 

SUMMARY AND CONCLUSIONS. 

1 . The cataphoretic f.d. of suspended particles is assumed to be due 
to an excess in the concentration of one kind of a pair of oppositely 
charged ions in the film of water enveloping the particles and this 
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excess is generally ascribed to a preferential adsorption of this kind of 
ions by the partide. The term adsorption fails, however, to distin- 
guish between the two kinds of forces which can bring about such an 
unequal distribution of ions between the enveloping film and the 
opposite film of the electrical double layer, namely, forces inherent in 
the water itself and forces inherent in the partide {e.g. chemical attrac- 
tion between partide and adsorbed ions). 

2. It had been shown in a preceding paper that collodion particles 
suspended in an aqueous solution of an ordinary electrolyte like NaCl, 
NasS 04 , Na 4 Fe(CN)*, CaClj, HCl, HsS 04 , or NaOH are always nega- 
tively charged, and that the addition of these electrolytes increases 
the negative charge as long as their concentration is below m/1,000 
until a certain maximal p.d. is reached. Hence no matter whether 
add, alkali, or a neutral salt is added, the concentration of anions must 
always be greater in the film enveloping the collodion particles than in 
the opposite film of the electrical double layer, and the reverse is true 
for the concentration of cations. This might suggest that the collo- 
dion partides, on account of their chemical constitution, attract anions 
with a greater force than cations, but such an assumption is rendered 
diflicult in view of the following facts. 

3. Experiments with dyes show that at pH 5,8 collodion partides 
are stained by basic dyes (».e. dye cations) but not by add dyes {i.e. 
dye anions), and that solutions of basic dyes are at pH 5.8 more readily 
decolorized by partides of collodion than add dyes. It is also shovm 
in this paper that crystalline egg albumin, gelatin, and Witte’s pep- 
tone form durable films on collodion only when the protein exists in 
the form of a cation or when it is isoelectric, but not when it exists 
an the form of an anion (i.e, on the alkaline side of its isoelectric 
point). Hence if any ions of dyes or proteins are permanently bound 
at the surface of collodion partides through forces inherent in the 
collodion they are cations but not anions. The fact that isoelectric 
proteins form durable films on collodion partides suggests, that the 
forces responsible for this combination are not ionic. 

4. It is shown that salts of dyes or proteins, the cations of which are 
capable of forming durable fiilms on the surface of the collodion, 
influence the cataphoretic p.d. of the collodion partides in a way 
entirely different from that of any other salts inasmuch as surprisin^y 
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low concentrations of salts, the cation of which is a dye or a protein, 
render the negatively charged collodion particles positive. Cr 3 r 8 talline 
egg albumin and gelatin have such an effect even in concentrations of 
1/130,000 or 1/65,000 of 1 per cent, i.e. in a probable mokr concen- 
tration of about 10~*. 

5. Salts in which the dye or protein is an anion have no such effect 
but act like salts of the type of NaCl or NasS 04 on the cataphoretic 
P.D. of collodion particles. 

6. Amino-adds do not form durable films on the surface of collodion 
partides at any pH and the salts of amino-adds influence their 
cataphoretic p.d. in the same way as NaCl but not in the same way as 
proteins or dyes, regardless of whether the amino-add ion is a cation 
or an anion. 

7. Ordinary salts like LaCb also fail to form a durable fiilm on the 
surface of collodion particles. 

8. Until evidence to the contrary is furnished, these facts seem to 
suggest that the inaease of the negative charge of the collodion 
partides caused by the addition of low concentrations of ordinary 
electrolytes is chiefly if not entirely due to forces inherent in the 
aqueous solution but to a less extent, if at all, due to an attraction of 
the anions of the electrolyte by forces inherent in the collodion 
partides. 




[Reprinted from Tsm Jouxhai. of GxinaAi PassioLoov* November 20, 1923, Vol. vi. 
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CONDUCTIVITY TITRATION OF GELATIN SOLUTIONS 

WITH ACIDS. 

By DAVID I. HITCHCOCK. 

{From the Laboratories of The Rock^eller Institute for Medical Researdt.) 

(Received for publication, October 4, 1923.) 

The combination of proteins with acids has been studied by Locb‘ 
and others largely by means of hydrogen electrode measurements. 
The present work constitutes an attempt to apply the method of 
conductivity titration to the determination of the combining capacity 
of a protein for acids. 

The first work which indicated that the measurement of electrical 
conductivity could be used in volumetric analysis seems to have been 
done by Kohlrausch* in 1885, and since then the method has been given 
in standard text-books.* Recently the method has been extensively 
used by Kolthoff,* who has outlined the theory on which it depends. 
In the neutralization of a weak base by a strong acid, the conduc- 
tivity at first increases because of the formation of a highly ionized 
salt, and since at first practically all of the added add is used up to 
form the salt, the conductivity increases as a linear frmction of the 
amount of acid. As more add is added, the formation of the salt is 
no longer complete on account of hydrolysis, and the increase in 
conductivity becomes faster, due to the presence of the highly mobile 
hydrogen ion. Finally, after enough add has been added to com- 
bine with all the base and to repress the hydrolysis, the conductivity 
increases much more rapidly on the addition of further add, since 

* Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 
1922, Chapter IV. 

*Kohlrausch, F., Ann. Physik u. Chem., 1885, xxvi, 225. 

* Kohlrausch, F., and Holborn, L., Das Leitvermbgen der Elektrolyte, Leipsic 
and Berlin, 2nd edition, 1916, 136. Findlay, A., Practical physical chemistry, 
London and New York, 3rd edition, 1914, 199. 

‘Kolthoff, I. M., Z. anorg. Chem., 1920, ad, 1, 28, 97; cxii, 155, 165, 172, 187, 
196. 
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practically all the added hydrogen ion remains free; and here again 
the conductivity increases as a linear function of the added add. The 
point of neutralization is obtained by plotting the conductivity as a 
function of the quantity of add added and extrapolating the two 
linear portions of the curve until they intersect. The shape of all 
the curves obtained with gelatin is simiiar to that of Fig. 1 . Kolthofi* 
obtained curves of like shape by neutralizing phenol or boric add with 
sodium hydroxide, and by neutralizing urotropin (hexamethylene- 
tetramine) with hydrochloric add. He thus showed that the method 
was applicable to the neutralization of a weak add or base with a 
strong base or acid. 

In appl 3 nng the method to the neutralization of a protein it is neces- 
sary to consider the fact that proteins are amphoteric electrolytes. In 
some preliminary experiments in which gelatin solutions were first 
treated with sodium hydroxide and the resulting solutions titrated 
with hydrochloric add, it was found that the slope of the conductivity 
curve exhibited practically no change at the isoelectric point. There- 
fore if the original gelatin solution is not at the isoelectric point it is 
necessary to make a correction for this in calculating the combining 
capadty of gdatin for acid. 

The following experimental procedure was adopted. A measured 
volume of a solution containing a known weight of gelatin was placed 
in the conductivity cell, in a water bath at 33°C. ± 0.02°. The cell 
used was of the Freas type, holding about 130 cc. Its cell constantwas 
not determined, since only rdative conductivities were needed for 
this work. The conductivity was measured in the usual way with a 
Kohlrausch bridge and resistance box, using a small induction coil 
and a tdephone. Standard add was added in small amotmts from a 
calibrated 10 cc. or 2 cc. burette, and after each addition the con- 
ductivity was measured. The results were plotted as in Fig. 1, the 
abscissae being cc. of add and the ordinates being proportional to the 
q)edfic conductivities. From the intersection of the two straight 
lines the end-point was obtained. The pH ^as measured of a separate 
sample of each original gelatin solution, using hydrogen electrodes at 
33° with a saturated KCl junction, taking as a standard the value 
1.037 for the pH of m/10 HCl. The values for the end-point were 
corrected to corre^nd with an initial pH of 4.70 by adding or sub- 
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Cc. HCl, 1.001 M 


Fig. 1. Conductivity titration of gelatin with hydrochloric acid. The lower 
straight line represents practically complete formation of gelatin chloride from the 
HCl added. The curved dotted line represents the increase in conductivity due 
to hydrolysis of gelatin chloride. The upper straight line represents the increase 
in conductivity due to excess HCl, after the hydrolysis has been repressed. The 
intersection of the two straight lines is the apparent point of equivalence, which 
must be conected if the initial pH is not that of the isoelectric point. 


446 


commcnviTY TinLATioN 


tracting the amounts of add indicated by the curve previously 
obtained'^ for the combination of gelatin with hydrochloric add. 
This curve appears to be linear at the lower end, a change in pH from 
4.78 to 4.25 corresponding to 2.0 cc. of si/10 HCl per gm. of gelatin. 
The results obtained with different concentrations and different lots of 
approximately isodectric gelatin and hydrochloric and sulphuric 
adds are given in Table I. Experiment 4 is represented also in 
Fig. 1, which is typical of all the curves obtained. The end-points 
in Table I were obtained from curves plotted on a much larger scale 

TABLE I. 

Conductivity Titration of Gelatin with Acids. 


A. Hydrochloiic acid. 


Experiment 

No. 

Wtof 

gelatin. 

Initial 

volume. 

Normality 
of acid. 

End point, 
acid. 

N/IO add 
pergm. 
gelatin. 

Initial 

Correction 
to pH 4.70, 
N/lO add. 

N/IO add 
equivalent 
to 1 gm. 
gelatin. 


gm. 

cc. 


cc. 

cc. 


cc. 

cc. 

1 

0 504 




7.84 

4.55 


8.41 

2 

1 815 



1 58 

8.71 

4.75 


8.52 

3 

3 992 



3 76 

9 42 

4 84 


8.89 

4 

4.915 



4.27 

8.69 

4.74 

-0.15 

8.54 

Average, 








8.59 


B. Sulphuric acid. 

5 

0.504 

100 



7.72 


+0.57 

8.29 

6 

1.822 

94 



8.36 


-0.11 

8.25 

7 

1 996 

50 



9.46 

4 84 


8.93 

8 

4.915 



4.08 

8.91 

4.74 


8.76 

Average, 








8.56 


than Fig. 1. The ordinates of Fig. 1 are 1,000 times the conductivities 
in redprocal ohms obtained with the particular cdl used. 

In order to determine whether this method of determining the end- 
point was affected by the change in volume due to the addition of the 
reagent, a trial calculation was made with the data of Experiment 8, 
in which a total of 7.5 cc. of add was added to 100 cc. of gelatin 
solution. Assuming as an extreme case that the conductivity was 
inversely proportional to the volume, and that the quantity measured 


* Hitchcock, D. I., J. Gen. Physiol., 1921-22, iv, 733. 
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shoiild have been the conductivity at a constant volume of 100 cc., 
a curve was constructed which indicated an end-point at 4.12 cc., 
while that obtained by neglecting the volume change was 4.08 cc. 
Therefore the change in volume could not have caused an error of 
much over 1 per cent. 

While the results in Table I do not all agree within this error, yet 
the average of the figures for HCl, 8.59, is quite close to the average 
for H2SO4, 8.56. Roughly, then, the data indicate that 1 gm. of 
isoelectric gelatin can combine with a maximum of 8.6 cc. of n/10 
HCl or H2SO4. The figure obtained from hydrogen electrode measure- 
ments alone, corrected for an initial pH of 4.70, was 8.9 cc. of n/10 
HC 1 .« 

A better check was obtained in the case of deaminized gelatin. 
The solution used was that described in a previous paper;® its pH was 
4.0. A 25 cc. sample, containing 0.742 gm., was titrated with 1.000 
N HCl, giving an end-point at 0.323 cc. Therefore 1 gm. was equiva- 
lent to 4.35 cc. n/10 HCl, no correction for the isoelectric point 
being required. The value obtained by the hydrogen electrode 
method was 4.4 cc. 

SUMMARY. 

Titrations have been made, by the conductivity method, of gelatin 
solutions with hydrochloric and sulphuric acids. The results in- 
dicate an end-point at about 8.6 cc. of n/10 acid per gm. of gelatin, 
or a combining weight of about 1,160. These results are in fair agree- 
ment with those previously obtained by the hydrogen electrode 
method. Better agreement between the two methods was found in 
the case of deaminized gelatin. The data are in accord with a purely 
chemical conception of the combination between protein and acid. 

® Hitchcock, D. I., /. Gen. Physiol., 1923-24, vi, 95. 
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THEORY OF REGENERATION BASED ON MASS 
ACTION, n. 

ByJACXJUESLOEB. 

(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, September 4, 1923.) 


I. 

The polarity in the regeneration of an isolated piece of stem of 
Bryophyttutn calyciwum expresses itself by two characteristics which 
must be treated separately; namely, first, the fact that regeneration 
occurs only at the extreme ends, and, second, that the character of the 
regenerated organs is different at the opposite ends, shoots being 
formed at the most apical node and roots at the extreme basal end 
of the piece.* The second fact had been explained by Sachs on the 
assumption that the descending sap sent out by the leaf contains 
specific substances fit for root formation while the ascending sap sent 
out by the leaf contains specific substances for ^oot formation. This 
explanation does not seem tenable any longer in view of the fact, 
first, that the sap of the leaf favors root and shoot formation in the 
same notch of a leaf, and second, that it can be shown that under 
proper conditions the descending sap favors also shoot formation in 
the stem.* The difference in the character of the regenerated organs 
at the opposite ends of a piece of stem must therefore have a different 
reason and it was suggested that the descending sap reaches primarily 
cells or tissues which can give rise to roots and not to ^oots, while 
the ascending sap primarily reaches tissues which can give rise to 
shoots.* Differences in the chemical nature of the descending and 
ascending sap sent out by the leaf may or may not exist; if they exist 
they cannot be the cause of the different character of the organs 
formed at the opposite ends of the stem. 

* Loeb, J., /. Gen. Physiol, 1921-22, iv, 447. 

* Loeb, J., J. Gen. Physiol, 1922-23, v, 831. 
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If by mutilation the descending sap from a leaf can be deflected 
from its path, it may give rise to shoots as was shown in the preceding 
paper. 

That the regeneration in a piece of isolated stem of BryopkyUum is 
confined to the extreme ends of a piece of stem is, however, only a 
secondary phenomenon which demands an entirely different explana> 
tion than the fact that the character of the two regenerates is different. 
In a preceding paper it had already been shown that in the beginning, 
i.e., during the first 8 or 10 da)^, at greenhouse temperature, the 
regeneration in a piece of stem does not possess that pronounced 
character, which is understood by polarity; namely, that roots are 
only formed at the extreme base and shoots only at the extreme apex. 
One of the writer’s earlier experiments^ may be mentioned to illustrate 
this fact. 

Pieces of stem of BryophyUum calycinum are cut out from vigorous 
plants and all leaves with the exception of the two leaves at the most 
basal node are removed from the pieces. The base of the stems below 
the leaves dips into water. In this case, air roots grow out from the 
nodes above the leaves before they grow from the base of the stem; 
and shoot formation commences not only in the most apical buds but 
also in the buds in the second or third node below the apex. Under 
these conditions there is almost no indication that the character of 
regeneration in the stem is polar.* 

At greenhouse temperature this may aU be observed within the first 
8 or 10 days of the experiment, then the picture changes. At the 
base of the stems (dipping into water) roots now commence to appear 
and they grow more rapidly than the air roots which had appeared 
previously in the nodes of the stem. The air roots in the more apical 
nodes now begin to wilt and soon disappear. The more rapid growth 
of the basal roots dipping into water seems to suppress the further 
growth of the air roots which had previously formed. Likewise the 
shoots in the most apical node now commence to grow more rapidly 
than the anlagen for shoots in the nodes below the apex and the 
growth of these latter shoots now stops also. That feature of polarity 
which consists in the restriction of root formation to the extreme base 
and of shoot formation to the extreme apex of the piece of stem is not 

» Loeb, J., /. Gen. Physiol., 1918-19, i, 687. 
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a primary but a secondary phenomenon. We will show that this 
same phenomenon can be demonstrated in a leaf and that it can be 
shown in this case that it is the expression of the following general 
rule in regeneration which the writer had already expressed in earlier 
publications; namely, that when in an isolated leaf (or in a piece 
of stem) the rate of growth of one type of organs is accelerated, all 
the sap will flow to these more rapidly growing organs, with the 
result that the growth of the competing organs will be suppressed. 
It is intended to furnish the quantitative proof for this rule. 



Fig. 1. Difference in the place of regeneration when the leaf is suspended 
entirely in air and when its apex dips into water. 


When a leaf of BryophyUum is suspended in moist air, shoots and 
roots will grow from the notches in the middle of the leaf or nearer 
the petiole where the leaf is more fleshy and where more sap is avail- 
able than at the thin apex of the leaf (see Fig. 1, leaf marked “in air”). 
When, however, the apex of the leaf is dipped into water, while the 
rest is in air (Fig. 1, leaf marked “in water”), roots and shoots will 
grow out only from those notches of the apex which dip into the water 
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01 are dose to the surface of the water. The other notches commence 
also to grow at first and tiny roots and tiny shoots may be formed; 
but as soon as the notches which dip into water commence to grow, 
all the growth of the shoots and roots in the other notches not in con- 
tact or in dose proximity with water will cease. It can be shown that 
the reason for this inhibition is that the notches dipping into water 
grow more rapidly than the notches growing in air and that as a con- 
sequence of this more rapid growth a flow of the sap of the whole leaf 
towards the more rapidly growing notches is established. Thirteen 
pairs of sister leaves were used for the experiment, one leaf of each 
pair dipping with its apex into water while the sister leaf was sus- 
pended entirdy in air. Table I shows that the mass of shoots and 
roots produced in the leaves dipping into water was greater than the 
mass of shoots and roots produced simultaneously and under equal 
conditions by the sister leaves suspended in air. 


TABLE 1. 



weight 
of leaves 

Dw weight 
of shoots 

Sf ro^ 

1 gm dry weight of 
leaves produced 

Shoots. 

Roots 

13 leaves dipping in watei 

13 leaves suspended in air . 

gm. 

1.943 

1 909 

gm. 

0 524 
0.322 

gm. 

0 123 

0 051 

mg 

270 

169 

mg 

63 

27 


It is obvious that the leaves suspended in air form a much smaller 
quantity of dry weight of shoots and roots per gm. of dry weight of 
leaf during the same time and under the same conditions than the 
leaves dipping into water. Hence, if we accelerate the growth of 
some notches in the leaf, e.g., by dipping them into water, we thereby 
inhibit the growth in the other notches. 

That this inhibition is merely due to the fact that all the material 
ivailable in the leaf now goes to the shoots in the apex can also be 
proven by quantitative experiments. The' writer had shown in a 
previous publication* that if an isolated leaf is su^ended vertically 
and sidewise in moist air (Fig. 2), i.e., the middle rib being in a hori- 
zontal position, while the surface of the leaf is vertical (Fig. 2), shoots 
and roots develop with preference, and in most cases exclusively, on 
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the lower edge of the leaf. This can be explained on the assiunption 
that through the influence of gravity more liquid collects in the lower 
edge and that as a consequence the growth in these lower notches is 
accelerated, and as a further consequence a flow of material to the 
more rapidly growing lower notches is established, whereby all the 
material available in the leaf flows to the lower edge. 




Fig. 2. Quantitative difference in regeneration when a whole leaf and a half 
leaf are suspended sidewise in air. 


TABLE n. 



Dnr weight 
of leaves 

Diy weight 
of shoots. 

. 

1 gm. dry weight 
of leaves 
produced dry 
weight of 
shoots. 


gm. 

gm. 

mg. 

13 whole leaves 

2.174 


188 

13 half sister leaves 

1.118 

0.235 

209 


A number of pairs of sister leaves were suspended vertically and 
sidewise in air, one leaf of each pair remaining intact, while the upper 
half of the sister leaf was cut away (as shown in Fig. 2). The 
whole leaves formed practically twice as great a mass of shoots and 
roots on the lower edge as the half leaves and this difference is notice- 
able in Fig. 2. Thirteen whole leaves and their thirteen half sistfri 
leaves were chosen for comparison in Table II, 

This proves that the excess regeneration in the whole leaves was 
produced by material furnished by both the lower and the upper half 
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of the leaves, regeneration in the upper half being as a consequence 
impossible, since almost all the material available for regeneration in 
the tq)per half was consumed for regeneration in the lower half. 

In the case just discussed the regeneration in the lower half of the 
leaf is accelerated since owing to the action of gravity the liquid in the 
leaf collects in the lower half. This happens only when the leaf is 
su^ended sidewise in the air but not when it is suspended in the air 
with the apex down; as is shown by a comparison of the left -hand 
drawing in Fig. 2 with the right-hand drawing in Fig. 1. The reason 
for this difference is probably that the apex of the leaf is very thin in 
comparison with the fleshy middle part of the leaf so that under the 
influence of gravity liquid cannot collect as abundantly in the apex 
of the leaf as in the lateral parts. 


II. 

It had been shown in a preceding paper* that the mass law holds also 
for the regeneration of roots and shoots in a defoliated piece of stem of 
Bryophyllum when exposed to light. The dry weight of shoots and 
roots regenerated by such pieces in a given time under given conditions 
is approximately in proportion to the dry weight of the stem; and 
when a long stem of e.g. eight nodes is cut into eight pieces, each 
containing only one node, the total dry weight of the sixteen shoots 
produced by these pieces in a given time equals approximately the 
dry weight of the two apical shoots produced in the same time and 
under the same conditions by a stem of equal dry weight, not cut into 
smaller pieces. This shows that all the material available for re- 
generation in a larger piece of defoliated stem goes into the apical 
shoots and basal roots. 

When a piece of stem is cut into as many pieces as there are nodes 
the shoots commence to grow out from the nodes regardless of the 
order in which they had originally been arranged in the stem; but in 
each piece the rate of growth corresponds approximately to the dry 
weight of the piece of stem, except in very old pieces of stem where not 
all material may be alive or in the very young pieces at the apex, where 
the axillaiy buds capable of growing into shoots may not yet have 
been prc^rly developed.* 
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In the introduction to this note attention has been called to the 
fact that when regeneration begins in a piece of stem under the condi- 
tions described, regeneration is at first not markedly polar, since the 
first roots do not grow out at the base of the stem, but from the more 
apical nodes; and the anlagen for shoots do not grow out only in the 
apical node, but also below. The polar character becomes only 
established after about a week, when the roots at the extreme base 
begin to appear, and when the rate of growth of the most apical 
shoots suddenly exceeds that of the anlagen for the buds in the lower 
nodes. On the basis of the quantitative experiments on leaves de- 
scribed in this paper we must conclude that the more rapid growth of 
the most apical bud and of the basal roots which starts after about a 
week coincides with a collection of sap at the extreme ends of the 
piece of stem. This collection of sap caused by the block of the 
ascending sap at the apical node and of the descending sap at the base 
of the stem acts in a similar way as the collection of sap on the lower 
edge of a leaf suspended sidewise; namely, accelerating growth at the 
place where the sap collects. This acceleration of growth now in- 
fluences the sap flow so that all the ascending sap goes to the apical 
node, and all the descending sap to the base, cutting off that supply of 
material for the rest of the stem which was available immediately 
after the operation. 


SUMMARY. 

1. Quantitative proof is furnished that all the material available for 
shoot and root formation in an isolated leaf of Bryophyllum calycinutn 
flows to those notches where through the influence of gravity or by a 
more abundant supply of water growth is accelerated. As soon as 
the acceleration of growth in these notches commences, the growth 
of shoots and roots in the other notches which may already have 
started ceases. 

2. It had been shown in a preceding paper that the regeneration 
of an isolated piece of stem may be and frequency is in the beginning 
not markedly polar, but that after some time the growth of all the 
roots except those at the base and of all the shoots except those at 
the apex is suppressed. This analogy with the behavior of regenera- 
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tkm in a leaf in which the growth in one set of notches is accderated, 
suggests that in an isolated stem a more rapid growth is favored at 
the extreme ends (probably by a block of the sap flow at the extreme 
ends) and that when this happens the total flow of ascendmg sap 
goes to the most apical buds and the total flow of the descending sap 
goes to the most basal roots. As soon as this occurs, the growth of 
the other roots and shoots is suppressed. 



(Reprinted from The Jouknal ot Gemekal Physiology, November 20, 1923, Vol. vi. 

No. 2, pp. 215-237.] 


THE INFLUENCE OF THE CHEMICAL NATURE OF SOLID 
PARTICLES ON THEIR CATAPHORETIC P.D. IN 
AQUEOUS SOLUTIONS. 

By JACQUES LOEB. 

{From the LaborMories of The Rockefeller Institute for Medical Research.) 
(Received for publication, August 20, 1923.) 

I. 


INTRODUCTION. 

In order to arrive at a theory of ’the action of electrolytes on the 
formation of a double electrical layer — or, more correctly, on the 
value of the cataphoretic p.d. — ^between solid particles and aqueous 
solutions, it is necessary to know how this action is influenced by the 
nature of the suspended particle. In former papers by the writer, 
the effect of electrolytes on the cataphoretic p.d. was studied on 
proteins^ and on collodion particles.^ In this paper experiments on 
partides of mastic, Acheson’s graphite (trade name “Aquadag,” 
Size 5), which I owe to the kindness of Dr. Leonard Waldo, gold 
prepared by Bredig’s method in solution of n/10,000 HCl), ferric 
hydroxide, and calcium oxalate are added. To give a more com- 
plete picture experiments on collodion and protein are included. 

In order to eliminate as much as possible the influence of H and 
OH ions, the experiments with salts were made in distilled water as 
near the point of neutrality as was conveniently possible. The 
distilled water used had a pH of about 5.8, resulting from an equi- 
librium with the COj of the air of the laboratory. Stodc solutions 
of the salts were prepared with a pH of 5.8 and these were diluted 
with distilled water of the same pH. Great care was taken to keep 
the pH of the solutions at 5.8, except in the case of solutions]|of 
ThCL which were alwajrs more acid on account of the hydrolytic 

• Loeb, J., /. Gen. Physiol., 1922-23, v, 395. 

* Loeb, J., /. Gen. Physiol., 1922-23, v, 109j 1923-24, vi, 105. 
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dissociation of the salt; and of solutions of add and basic fuchsin, 
where the pH was not measured. 

It was also thought advisable to eliminate impurities as much as 
possible. Such impurities were contained in some cases in the stock 
solution of the suq)ended partides. This error was minimized by 
using as small a quantity of suspended partides as possible. A 
few drops of the stock suspension were put into SO cc. of the salt 
solution, shaken, and allowed to stand for 20 minutes. When this is 
done, it is found that the f.d. of the partides in distilled water of 
pH 5.8 without the presence of salts is generally very smah, rarely 
above 8 millivolts. Only when the partides are themselves electro- 
lytes or when electrolytes are added does the p.d. rise. Statements 
in the literature that a high cataphoretic p.d. was observed in dis- 
tilled water without electrolytes suggest the presence of electrolytes 
in the form of impurities, unless the partide itself was an electrolyte. 
The value of 26 millivolts for mastic partides in pure water at pH 5.8 
in Fig. 2 is too high and unquestionably due to an impurity of some 
kind. A rq)etition of the experiments where such errors were exduded 
gave a much lower p.d., namely about 8 millivolts or less. 

Although the f.d. of the particles in water at pH 5.8 is very low in 
the absence of electrolytes, the sign of charge of the partides at this 
low PJ>. is of the greatest significance for the effect of the salt on the 
P.D. This effect is entirely different according to whether a partide 
is positivdy or negatively charged in pure water near the point of 
neutrality even if the p.d. be as low as 5 millivolts. We shall there- 
fore designate as negative colloids, such partides; which at pH 5.8 
are negatively charged in the absence of electrolytes; and as positive 
colloids, partides which are positively charged at pH 5.8 in the 
absence of electrolytes. 

The method of determining the cataphoretic f.d. was the same as in 
the preceding papers, namely, the measurement of the rate of migra- 
tion of isolated partides under the microscc^e in the way described 
by Ellis.* From the measurements of the velodty of migration the 
pj}. was calculated with the aid of the Helmholtz-Perrin formula. 
The apparatus used was that by Ellis as modified by Northrop,* with 

•Ellis, R., Z. pkys^. Chm., 1911-12, Ixxviu, 321; 1912, Ixxx, 597. 

* Northrop, J. H., /. Gen. Physiol., 1921-22, iv, 629. 
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TTolAr concentre^UoD of sodtd 

Fio. 1. Influence of salts on the cataphoretic p.d. between collodion particles 
and aqueous solutions near the point of neutrality, pH 5.8, (with the excep- 
tion of the solutions of ThCU and basic fuchsin). Abscissae are the molar con- 
centrations of salt solutions, ordinates, the cataphoretic p.D.j^The signs minus 
and plus refer to the sign of charge of the particles. 
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MolflLr concentration of selts 

Fig. 2. Influence of salts on the cataphoretic p.d. of mastic particles near 
neutrality (pH 5.8). The line Critical p.d. indicates the value of p.d. below which 
the suspension ceases to be stable. 
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aa additional modification introduced by Mr. Kunitz for using dark- 
field illumination. 
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Fig. 3. Influence of salts on the cataphoretic pj). of particles of Acheson’s 
graphite (trade mark“Aquadag,” Size .'>) near neutrality, pH 5.8. 
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M M njULMMUlL 


Nolap concentration of salts 

Fig. 4. Influence of salts on the cataphoretic p.d. of particles of gold near 
neutrality (pH 5.8). Only the effect of concentrations of salts of m/ 2,048 or above 
are given. 

II. 

Experiments on Negatively Charged Particles. 

Six types of particles, negatively charged at pH 5.8, were selected 
for this study, collodion (Fig. 1), mastic (Fig. 2), Acheson’s graphite 
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(Fig. 3), gold (Fig. 4), Na gelatinate (Fig. S), and crystals of tyrosine. 
(At pH 5.8 the tyrosine is little if at aU dissociated.) In Figs. 1 to 5 
the abscissae are the molar concentrations of the salts while the 



Molar concentration of salts 


Fig. 5. Influence of salts on the cataphoretic p d. of solid particles of Na 
gelatinate near neutrality, pH 5.8. 

ordinates are the cataphoretic p.d. in millivolts as calculated from the 
rate of migration with the aid of the Helmholtz-Perrin formula.® 

® Freundlich, H., Kapillarchemie, Leipsic, 2nd edition, 1922, 326 ff. Burton, 
E. F., The physical properties of colloidal solutions, London, New York, Bombay, 
Calcutta, and Madras, 2nd ecfltion, 1921, 136 ff. 
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The sign of the charge is always that of the particle the negative 
charges being above the zero line, the positive charges below. In 
spite of the wide divergence in the chemical nature of the material, 
the F.D. curves are in all five figures so similar that the following general 
rules concerning the influence of salts on the p.d. of negative colloids 
in distilled water of pH 5.8 hold for all of them. For the purpose of 
discussion, the curves for the collodion particles will be used (Fig. 1). 
(In expressing these rules, it is more convenient to speak in terms of the 
charge of the particles instead of the value of the p.d., which is the 
quantity actually determined.) 

In water near the point of neutrality (».e., at pH 5.8) salts with 
monovalent cation raise the negative charge of negative colloids with 
increasing concentration of the salt until a maximum p.n. is reached; 
this maximum, which never seems to exceed about 70 miIlivolts,‘ is 
the higher the higher the valency of the anion, being a little higher 
for the Fe(CN)* than for the Cl ion (see Figs. 1, 2, or 3). What 
is, perhaps, of theoretically greater importance is the fact that the 
curve for Na 4 Fe(CN)* rises more steeply than that for either NajS 04 
or NaCl. When the characteristic maximal p.d. for each salt is 
reached, a further addition of the same salt causes a fall of the value 
of the P.D. 

Salts of the type of CaCU, i.e., with bivalent cation and monovalent 
anion, also raise the negative charge of the particles as long as the 
concentration is below m/2,048. This is best seen in Fig. 1, represent- 
ing the effect of the salts on collodion particles. The original p.d. 
without salt was only about 7 millivolts (in the former papers a p.d. 
of about 30 millivolts was found in this case, but this was chiefly due 
to impurities and other imperfections of the technique which have 
since been remedied). The maximal p.d. in CaClg for collodion parti- 
cles is, however, only about 28 millivolts as against about 53 for 
NaCl (Fig. 1). 

Even a salt like LaCU still raises the p.d. (Fig. 1), but only from 
7 to about 15 millivolts. The maximal p.d. is reached in LaCU at a 
molar concentration of between m/16,000 and m/8,000. With the 
addition of more LaCl» the p.d. is depressed. At a concentration of 

* von Hevesy, G., KoUoid Z., 1917, xzi, 129. Lorenz, R., RaumerfUllung und 
lonenbeweglichkeit, Leipsic, 1922, 237. 
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about vl/\2% the particles become slightly positive, but the p.d. 
remains at nearly zero even in m/16 LaClt. In the writer’s former 
experiments the fact that LaCU is able to raise the p.d. of collodion 
particles in very low concentrations was concealed on account of the 
impurities which had raised the p.d., without the additions of any 
salt. 

No rise occurs, however, in the case of a salt like ThCb. Extremely 
low concentrations of this salt make the particles positive, and the 
P.D. increases with the increase of the concentration, until a maximal 
P.D. of 55 millivolts is reached at a concentration of ThCU between 
m/30,000 and m/8,000. A further increase in the concentration of 
the salt depresses the p.d. again (Fig. 1). 


TABLE I. 

Maximal p.d. Vaktes in Solutions of NaiFe{CN)t at pH 5.8 for Negative Colloids. 


Nature of particles. 

PD 


mtUivolts 

Mastic 

about 75 

Collodion 

“ 62 

Acheson’s graphite 

“ 43 

Gold 

“ 47 

Crystals of tyrosine . 

“ 45 

Na gelatinate 

« 25 


High positive charges are also produced by basic fuchsin and the 
P.D. increases with the concentration of the dye until a maximum 
is reached after which the p.d. drops with further increase in the con- 
centration of the dye. 

If we compare the difference in the relative effect of salts on the 
six negative colloids (Table I) we may use the maximal p.d. values in 
Na 4 Fe(CN )8 as a standard of comparison. 

The values for NajSO* and NaCl vary correspondingly. 

III. 

Positively Charged Particles. 

Figs. 6, 7, and 8 show the effects of salts on positively charged 
particles; namely, ferric hydroxide, calcium oxalate, and casein 
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chloride. The experiments with ferric hydroxide and calcium oxalate 
were made at pH 5.8 and care was taken that this pH was not altered 
by the addition of the salts (with the exception of the dyes). The 
experiments with casein chloride had to be made on the acid side of the 
isoelectric point of casein and the pH of 4.0 was selected. The reader 





Molar concentration of salts 

Fig. 6 . Influence of salts on the cataphoretic p d. of particles of re(OH)8 near 
neutrality, pH 5.8. 

will notice that all three positively charged particles are electrolytes 
while in the case of the negatively charged particles some, e.g., Na 
gelatinate, were electrolytes, while collodion and mastic were appar- 
ently non-electrolytes. 

||, The curves for the positive colloids differ in an essential respect from 
those for negative colloids. While in the case of negative colloids 
the Cl and SO 4 ions had a powerful augmenting effect on the p.d. 
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these two anions have almost no effect on the positive colloids. 
NajS04 makes the positive colloids slightly negative at comparatively 
high concentrations but the p. 1). is very small indeed. Only Na4Fe 
(CN)* and acid dyes make the positive particles negative in rather low 
molar concentrations, but even here the p.d. remains low (30 millivolts 
or less). 



» I S i i % ^ 


Molar concentration of salts 


Rg. 7. Influence of salts on the cataphoretic p.d. of particles of calcium oxalate 
near neutrality, pH 5.8. 


Perhaps, it is on account of this lack of efficiency of the Cl ion, that 
CaClj and LaCU in low concentrations increase the positive charge 
of the positive colloids until a maximal p.d. is reached after which a 
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further increase in the concentrations of CaCU and LaCl* will depress 
the P.i>. again. 

Basic fuchin dose not act quite as strongly as dose LaCU on the 
P.D. of positive colloids but in the same sense. 
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Kolar concentration of salts 


Fig. 8. Influence of salts on the cataphoretic p.d. of particles of casein chloride 
at pH 4.0. 


IV. 

The Action of Alkalies and Acids on the Cataphoretic P.D. 

The influence of NaOH on the cataphoretic p.d. of different colloidal 
particles is almost identical with that of NaJFeCCN)#. Regardless 
of whether the colloid is originally negative or positive, NaOH makes 
the particles always more negative and the p.d. increases until a 
maximum is reached at about m/4,096 or m/1,024; after which the 
P.D. drops again upon further increase in the concentration of the 
alkali (Fig. 9). The OH ion is therefore driven with about the 
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same relative force into the enveloping film as is the Fe(CN)« ion. 
Table 11 gives the maximal values of the p.d. in NaOH solutions. 

It might be inferred a priori that hydrogen ions act like thorium 
ions and this would seem to receive support in the statement so often 



Fig. 9. Influence of NaOH on the cataphorctic p.d. of different kinds of 
particles. 

found in the colloidal literature that hydrogen ions make colloids 
positive. While this is true for amphoteric electrolytes, Fig. 10 
shows that this cannot be generalized. Low concentrations of HCl 
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^ 1^182^^1024 M 2SS iSS 16 

riblar concentration of HCl 


Fig. 10. Influence of HCl on the cataphoretic p.d. of different kinds of particles. 


TABLE II. 

Maximal p.d. between Different Particles and Solutions of NaOH, 


Mastic 

Collodion 

Acheson’s graphite 

Gold 

Fe(OH), 

Na gelatinate 

Ca oxalate 


Nature of particles. 




millivolts 

71 

67 

55 

50 

35 

23 

18 
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generally increase the negative charge of negative colloids such as 
collodion, mastic, Acheson’s graphite, and gold (Fig. 10) until a 
maximum is reached, which is quite high in the case of collodion 
(about 45 millivolts), lower in the case of mastic (about 33 millivolts), 
graphite, and gold (about 20 millivolts). A further increase in the 
concentration of the HCl depresses the p.d. (Fig. 10). 

In the case of collodion the sign of charge of the particles is not 
reversed by acid, the collodion particles remaining negative even in 
m/8 solutions of HCl (Fig. 10). Particles of mastic or of gold may 
become positive in higher concentrations of HCl, but the p.d. remains 
very low (2 or 3 millivolts). Graphite becomes slightly more 
positive in acid, but the p.d. is also low (about 7 millivolts). HCl is 
therefore even a little less active than LaCl* which also makes negative 
colloids positive only at comparatively high concentrations and the 
P.D. is also never high in this case. 

The statement that acids render negative colloids strongly positive 
seems to be correct only in such cases where the chemical character 
of the colloid is changed by the acid. Thus amphoteric electrolytes 
like the proteins are transformed by HCl into protein chlorides where 
the non-diffusible ion of the particle is a positive protein ion. 
Particles of Na gelatinate are negatively charged (Fig. 4) but if 
enough HCl is added the protein is transformed into gelatin chloride 
where the non-diffusible protein ion is a cation. Gelatin chloride 
particles may reach a considerable positive p.d. (Fig. 10). 

McTaggart^ states that Th(NOj )4 makes gas bubbles positive and so 
does also to a slight extent LaCU; it would be very important to find 
out whether or not HCl can produce a considerable positive charge 
on gas bubbles. The experiments of McTaggart do not seem to give 
a definite answer to this question. It seems, therefore, that for the 
present we must discriminate in the effects of HCl on the cataph- 
oretic p.d. between cases where the chemical nature of the particles 
is changed by the acid and where no such changes occur. In cases 
of the latter type (presumably collodion particles), solutions of 

’’ McTaggart, H. A., Phil. Mag., Series 6, 1914, xxvii, 297; xxviii, 367; 1922, xliv, 
386. 
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NaOH and HCl may act like neutral solutions of NaCI on the cata- 
phoretic p.d. as is shown in Fig. 11, the only difference between the 
three electrolytes being that the OH ion acts a little more strongly 
than the Cl ion and the H ion slightly more strongly than the Na ion; 



A JL M M M ILILILM M 
” 4096 2048 102(1^ ^ IS 

Molar cxjncentpatlon of electrolytes 


Fig. 11. Comparison of the influence of HCl, NaCl, and NaOH on the cata- 
phoretic p.d. of collodion particles. The curve for NaCl represents the effects of 
this salt at an approximately neutral reaction, pH 5.8. 

or, if we use the suggestion of a relative orientation of the ions, along 
the normal to the interface, OH ions arle driven with a slightly 
greater force into the enveloping film than the Cl ions, and the H 
ions are driven with a slightly smaller force away from the interface 
than the Na ions. 
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V. 

Floccuiation. 

Although it is not an essential part of our problem it may perhaps 
be of importance to point out that there seems to exist in the case of 
all of these suspensions a critical p.d. below which they cease to be 
stable and commence to flocculate. It is rather remarkable that this 
critical p.d. differs very little with the chemical nature of the sus- 
pended particles. The critical p.d. is indicated by lines marked 
Critical p.d. in Figs. 2 and 4. The suspensions of collodion,* mastic, 
graphite, and gold cease to be stable and flocculation conunences 
when the cataphoretic p.d. falls to a value of between 16 and 13 
millivolts. Northrop and De Kruif * found a similar value, namely 15 
millivolts, for the flocculation of certain bacteria. The values for 
the flocculation of suspensions of calcium oxalate, denatured casein, 
and denatured albumin* are not very far from this value. The inter- 
pretation of this fact seems to be that flocculation can only occur 
when the average velocity of the particles is high enough to overcome 
the repelling force due to the p.d. of the double layer. The average 
velocity of the particles seems to be such that it suffices to overcome 
the repulsion due to a p.d. of about 14 millivolts or less. Flocculation 
requires, however, something more than the mere overcoming of the 
repulsive forces due to the cataphoretic p.d.; namely, the force of 
cohesion between the particles themselves must be considerably 
greater than the forces of adhesion between the particles and the 
water. Particles of gelatin (or of collodion coated with gelatin) will 
not flocculate even if the p.d. is zero, and the same is true for particles 
of denatured egg albumin or casein in the presence of gram molecular 
concentrations of NaCl or CaCl*.* In these cases the forces of cohe- 
sion of the particles are relatively small compared with the attraction 
of the particles for water, so that they fail to cohere upon collision 
even if the cataphoretic p.d. is zero. 

It has frequently been stated that the precipitating power of elec- 
trolytes increases with the mobility of the ai:tive ion.‘® Thus the 

* Northrop, J. H., and De Kruif, P. H., /. Gen. Physiol,, 1921-22, iv, 639. 

» Loeb, j., /. Gen. Physiol, 1922-23, v, 479. 

Mukherjee, J. N., Farad. Soc. Rep., London, 1921, zz, 103. 
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predpitating power of the chlorides of alkali metals is said to increase 
in the order Li < Na < K < Rb < Cs. This cannot be a general 
rule, since LiCl, NaCl, and K.C1 influence the P.D. of collodion as well 
as graphite particles in an identical way. Flocculation is determined 
by the critical p.d. and since identical concentrations of LiCl, NaCl, 
and KCl are required to bring about the critical p.d., the flocculating 
concentrations for these salts should be identical. This was found 
to be true for suspensions of mastic, graphite, and collodion when care 
was taken to keep the pH constant. In Tables HI, TV, and V are 
given the flocculating concentrations of different salts at pH 5.8 for 
suspensions of mastic, Acheson’s graphite, and gold. (Only in the 

TABLE III. 


Mastic. 



Flocculation. 

Suipen&ion. 

Lia 

m/4 

m/8 

NaCl 

m/4 

m/8 

KCl 

m/4 

m/8 

RbCl 

m/2 

m/4 

CsCl 

m/4 

m/8 

MgCl, 

m/32 

m/64 

CaOi 

m/32 

m/64 

SrClf 

m/32 

m/64 

BaCl* 

m/32 

m/64 

MnQi 

m/32 

m/64 

LaCl. 

m/8,192 

m/16,000 

nici4 

m/2(50,000 

^u/2«),000 

Basic fuchsin 

m/8,000 - m/4,000 

>m/4,000 <m/8,000 


case of ThCli and basic fuchsin were the pH different.) By floccula- 
tion is meant the complete settling of the particles, leaving a com- 
pletely colorless and dear supernatant liquid; while by su^ension is 
meant that the liquid remains red in the case of gold or gray or opaque 
in the case of mastic or black in the case of graphite; while no or little 
settling occurs. The second column of the tables gives the minimal 
molar concentration required for flocculation, and ^e third column 
the hipest concentration at which the suspendons remain stable for 
weeks. In order to get tmequivocal results, the values in Columns 
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TABLE IV. 


Graphite (Aguadag). 



Flocculation. 

Suspension. 

UCl 

m/32 

m/64 

NaCl 

m/32 

m/64 

m 

m/32 

m/64 

RbCl 

k/32 

m/64 

CsCl 

11/32 

m/64 

MgCl, . . 

m/512 

m/1,024 

CaCli 

m/1,024 

m/2,048 

SrCU 

m/512 

m/1,024 

B&CU< • . 

m/1,024 

m/2,048 

MnCl, 

m/1,024 

m/2,048 

LaCU. . 

m/65,000 

m/130,000 

ThCU 

m/500,000 i 

^ m/500,000 

NaaS04 

M/64 

m/128 

Na«Fe(CN),. . . 

u/64 

m/256 

MgSO« 

M/S12 

m/1,024 

Basic fuchsin 

u/8, 000 and m/16,000 

>m/8,000 <m/16,000 

HCI 

m/2,048 

m/4,096 


TABLE V. 
Gold. 



Flocculation. i 

Suspension. 

LiCl 

m/16 

m/32 

NaCl . . 

m/64 

m/128 

KCl 

m/128 

m/256 

RbCl 

m/16 

m/32 

CsCl 

m/128 

m/256 

MgCU 

m/16,000 

m/32,000 

CaCli 

m/4,096 

m/8,192 

StCU 

m/8,192 

m/16,000 

BaOi 

m/16,000 

m/32,000 

MnCk 

m/8,192 

m/16,000 

LaCU 

m/260,000 

m/500,000 

Tha 

m/500,000 


NaiSQ*...: 

m/64 

m/128 
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2 aad 3 were ascertained after the suspensions had been standing in 
test-tubes for a week or more at room temjjerature. Variations 
occurred only in the case of gold, but they were too irregular and 
could not be reproduced with any degree of certainty. The writer 
cannot suppress a suspicion that the variations in the flocculating 
concentrations of salts in the case of gold particles were the result of 
traces of impurities introduced accidentally. In Table V only the 
red suspensions were permanently stable, while those which at the 
beginning were blue or bluish red had settled. 

Od6n'' observed enormous differences in the precipitating power of 
the salts of the alkali metals on suspensions of colloidal sulfur. 
Nothing of this kind can be observed in the case of the precipitation 
of mastic, Acheson’s graphite, coUodion particles, or even particles 
of gold. 

VI. 

Theoretical Remarks. 

There are two kinds of forces which can cause an excess of one kind 
of ions in the enveloping film; namely, forces inherent in the water 
itself and forces of attraction between the colloidal particles and the 
ions. 

The share which forces inherent in the water have in the orientation 
of the oppositely charged ions of an electrolyte in the interface can 
only be ascertained through experiments on the influence of electro- 
lytes on the cataphoretic migration of gas bubbles in aqueous solu- 
tions, but experiments of this kind are as yet too incomplete to permit 
more than the statment that in cataphoresis gas bubbles are generally 
negatively charged, that their sign of charge is reversed by low con- 
centrations of Th(N 08)4 and presmnably by higher concentrations 
of LaCU; and that it is doubtful whether acids alone can cause a 
noticeable reversal in the sign of charge of gas bubbles {i.e. with a 
pj). exceeding a few millivolts). If we apply these meager data to 
the experiments reported in this paper we may say that the effect of 
ThCh or LaCls or even of strong acids on dielectrics like collodion or 

“ Od6n, S., Der koUoUe Schwefd, Nova acta regia Soc. Sc. Upsatiensis, Series 4, 
1913, iii, No. 4. 
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mastic are similar to those observed on gas bubbles and that therefore 
the effects of these three groups of electrol3rtes on the cataphoretic 
P.D. of dielectrics may be partly or entirely due to forces inherent in 
the water itself. Corre^ndingly it is quite possible that the effect 
of Na4Fe(CN)e which reverses the sign of charge of positive particles 
may turn out to be due to forces inherent in the water itself. But 
we caimot yet state with any certainty that the same is true for the 
effects of ions of lower valency on the cataphoretic p.d. of solid 
particles. 

We can say, however, that where the effects of an electrolyte on the 
cataphoretic p.d. differ with the nature of the solid particles the forces 
or conditions inherent in the solid particles must be re^nsible. 
The effects of this type of forces and of the forces inherent in the 
water may be superposed upon each other. 

That some particles assume a positive charge in water in the ab- 
sence of electrolytes can only be due to the chemical nature of the 
particle, whereby cations (including the hydrogen ions of the water) 
are more strongly attracted by the particle than the anions. It is 
noteworthy that the positive colloids mentioned in this paper are all 
electrolytes. Negative colloids may be electrolytes or non-electro- 
lytes, but since gas bubbles are generally negatively charged, the 
charge of negative colloids need not be entirely due to a preferential 
attraction of anions by the solid particle but may be due partly or 
entirely to the forces inherent in the water as discussed in the pre- 
ceding papers.* 

It must be ascribed to forces inherent in the particle that the point 
of reversal of the sign of charge in the case of proteins coincides with 
the isoelectric point of the particle. 

The considerable variation in the maximal cataphoretic f.d. with 
the chemical nature of the particle in solutions of Na4Fe(CN)« and 
NaOH (as shown in Tables I and II) must also be ascribed to the 
influence of the particles themselves. 

SUMMARY. 

1 . The effect of eight salts, NaCl, NatSOi, Na4Fe(CN)», CaClf, 
LaCU, ThCU, and basic and acid fuchsin on the cataphoretic pj). 
between solid particles and aqueous solutions was measured near the 
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point of neutrality of water (pH 5.8). It was found that without the 
addition of eIectrol 3 rte the cataphoretic f.d. between particles and 
water is very minute near the point of neutrality (pH 5.8), often less 
than 10 millivolts, if care is taken that the solutions are free from 
impurities. Particles which in the absence of salts have a positive 
charge in water near the point of neutrality (pH 5.8) are termed 
positive colloids and particles which have a negative charge under 
these conditions are termed negative colloids. 

2. If care is taken that the addition of the salt does not change the 
hydrogen ion concentration of the solution (which in these experi- 
ments was generally pH 5.8) it can be said in general, that as long as 
the concentration of salts is not too high, the anions of the salt have 
the tendency to make the particles more negative (or less positive) and 
that cations have the opposite effect; and that both effects increase 
with the increasing valency of the ions. As soon as a maximal p.d. 
is reached, which varies for each salt and for each type of particles, 
a further addition of salt depresses the f.d. again. Aside from this 
general tendency the effects of salts on the f.d. are typically different 
for positive and negative colloids. 

3. Negative colloids (collodion, mastic, Acheson’s graphite, gold, 
and metal proteinates) are rendered more negative by low concen- 
trations of salts with monovalent cation (e.g. Na) the higher the 
valency of the anion, though the difference in the maximal f.d. is 
slight for the monovalent Cl and the tetravalent Fe(CN)6 ions. 
Low concentrations of CaCU also make negative colloids more nega- 
tive but the maximal f.d. is less than for NaCl; even LaCU increases 
the F.D. of negative particles slightly in low concentrations. ThCU 
and basic fuchsin, however, seem to make the negative particles 
positive even in very low concentrations. 

4. Positive colloids (ferric hydroxide, calcium oxalate, casein 
chloride — the latter at pH 4.0) are practically not affected by NaCl, 
are rendered slightly negative by high concentrations of NajSO^, and 
are rendered more negative by Na 4 Fe(CN)« and acid dyes. Low 
concentrations of CaClt and LaCU increase the positive charge of the 
particles until a maximum is reached after which the addition of more 
salt depresses the 1>J>. again. 
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5. It is shown that alkalies (NaOH) act on the cataphoretic p.d. 
of both negative and positive particles as Na 4 Fe(CN)e does at the 
point of neutrality. 

6. Low concentrations of HCl raise the cataphoretic p.d. of particles 
of collodion, mastic, graphite, and gold until a maximum is reached, 
after which the p.d. is depressed by a further increase in the concen- 
tration of the acid. No reversal in the sign of charge of the particle 
occurs in the case of collodion, while if a reversal occurs in the case of 
mastic, gold, and graphite, the p.d. is never more than a few millivolts. 
When HCl changes the chemical nature of the colloid, e.g. when HCl 
is added to particles of amphoteric electrolytes like sodiiim gelatinate, 
a marked reversal will occur, on account of the transformation of the 
metal proteinate into a protein-add salt. 

7. A real reversal in the sign of charge of positive partides occurs, 
however, at neutrality if NatFe(CN)8 or an add dye is added; and in 
the case of negative colloids when low concentrations of basic dyes or 
minute traces of ThCh are added. 

8. Flocculation of the suspensions by salts occurs when the cata- 
phoretic P.D. reaches a critical value which is about 14 millivolts for 
partides of graphite, gold, or mastic or denatured egg albumin; while 
for collodion particles it was about 16 millivolts. A critical p.d. of 
about 15 millivolts was also observed by Northrop and De Kruif for 
the flocculation of certain bacteria. 




[Reprinted from The Joukkal of Experimentai Medicine, October 1, 1923, Vol. xxxviiii 

No. 4, pp. 445-476.] 


THE LUNG VOLUME IN HEART DISEASE. 

BY CARL A. L. BINGER, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research,) 
(Received for publication, March 19, 1923.) 

INTRODUCTION. 

In heart failure it is assumed that the supply of O2 to the tissues 
and the removal of CO2 from them is not commensurate with the 
needs of the organism. Pearce ( 1 ) has emphasized the intimate 
relationship existing between respiration, circulation, and metabolism. 
No longer can any of these functions be regarded as isolated, but 
they must be considered together as a physiological system. The 
reason for studying lung volume in heart disease is that it aids in an 
understanding of the interdependence of cardiac and respiratory 
failure. 

Bohr (2) and Hassdbalch (3) have emphasized the importance of the simultane- 
ous determination of the total lung volume and its subdivisions. In an attempt 
to visualize the degree of pulmonary distension and the relations between air 
content in the lung and blood flow in the lesser circulation a knowledge of the vital 
capacity alone may lead to error. The study of the vital capacity of the limgs in 
heart disease has become of great practical interest, owing largely to the work of 
Peabody and his associates (4). Study of the vital capacity alone, however, can 
throw little further light on the pathologic changes, both structural and functional, 
which give rise to the phenomenon of dyspnea. 

Since Bohr reawakened interest in pulmometry, numerous investigators (Rubow 

(5) , Bruns (6), Bittorf and Forschbach (7), and Siebeck (8)) have studied the total 
air capacity of the lungs (vital capacity and residual air) in cases of heart disease. 
These investigators used the gas mixture method described by Bohr (2) for the 
determination of the volume of residual air. Two of these investigators (Bruns 

(6) andSiebeck(8)), dwell with considerable emphasis on the diflBiculty of appl 3 ring 
Bohr’s method to patients with heart disease in whose lungs normal gaseous 
diffusion, they believe, is disturbed. In this country, Peters (9), using the method 
of Lundsgaard and Van Slyke (10), found the decrease in vital capacity in heart 
disease to be accompanied by a decrease in total lung capacity a^ residual air. 
Lundsgaard’s (11) recent important contributions to the subject will be discussed 
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later. In our hands the procedure of wiring used by Lundsgaard and Van Slyke 
(10) has not proved applicable to the study of those patients with heart disease in 
whom any considerable degree of dyspnea is present. This fact has been discussed 
in another communication (12) in which a new method for measuring lung volume 
was described. The present paper deals with the results obtained by applying 
this method in the study of a series of cases of heart disease. 

Maierid . — ^The material for study was selected from a group of 
cases suffering from various types of chronic heart disease. 

Most of the patients had disturbances of the cardiac mechanism as 
evidenced by the presence of auricular fibrillation. The advantage 
of stud 3 dng patients with fibrillation of the auricles lies in the fact 
that the heart rate and usually the state of decompensation in these 
patients can be controlled by the administration of digitalis. It 
was our practise in most cases to put the patient to bed on admission 
and to administer digitalis, usually in the form of digitan, Merck. 
When the patient’s cardiorespiratory system had reached a more 
or less stable condition, lung volume determinations were made. 
The subject could at this time be introduced to the use of the method 
under the most propitious circumstances. The patient was then 
studied dining various stages of decompensation and compensation. 
All lung volumes were determined with the patient sitting upright 
in a wheel chair. The patients were brou^t from the wards to the 
laboratory, where they were allowed to sit quietly for about § hour 
before observations were begun. In as far as possible an effort was 
made to exclude cases which gave evidence of suffering from bron- 
chopneumonia, bronchitis, asthma, or emphysema, so that the 
changes described may be attributed in the main to circulatory failure 
and its concomitant phenomena. One case of the series had a con- 
siderable transudation of fluid into the pleural cavities. This case 
was studied before and after thoracentesis and aspiration of the 
fluid. 

A number of normal individuals of both sexes were also studied 
under circumstances similar to those existing during the study of the 
patients. 

Definition of Terms . — The terminology used in this paper is that of 
Panum (13) and Bohr (2), which has been reviewed by Lundsgaard 
and Van Slyke (10). 
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1. Mid-position » point half way between normal expiration and normal in- 
spiration. 

2. Complementary air » air expired from maximum inflation to mid-position. 

3. Reserve air « air expired from mid-position to maximum deflation. 

4. Vital capacity « air expired from maximum inflation to maximum deflation. 

5. Residual air » air remaining in lungs after fullest expiration. This includes 
the so called dead air space. 

6. Middle capacity » total air held in lungs at mid-position. 

7. Total capacity « total air held in fully mflated lungs. 

Pfep 

cent 



Tkxt-Fcg. 1. The total lung volume is represented as 100. The two columns 
show a comparison of normal subjects and patients with respect to the average 
percentage of the total occupied by its subdivisions. 

The diagram shown in Text-fig. 1 will make our use of the terms 
clear. It is to be emphasized that this diagram does not depict the 
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Itmg volumes from a functional or physiological point of view, but 
simply shows the relative volmnes of the various subdivisions of the 
total lung capacity. 

Rdaim Lung Volumes, or Subdivisions of Total Lung Volume, 
Calculated as Percentages of Total Lung Volume. 

If the volume of each subdivision of total limg volume is expressed 
as a percentage of the total lung volume a striking constan(^ in the 


TABLE I. 












■ 


Name. 

Sex. 

Vital capacity 

Total capacity 

Residual air 

Total capacity 

Middle capacity 

Total capacity 

'S 

g 

1 

1 


i 

1 



pet c€%t 

per cMt 

per cetU 

Per cent 

per cent 

A. 


69 

31 

63 

32 

37 

H. 


79 

21 

52 , 

31 

48 

£. 


79 

21 

53 

33 

47 

B. 


76 

24 

55 

31 

45 

D. 


71 

29 

69 

40 

31 

Br. 


72 

28 

66 

38 

26 

PL 


72 

28 

63. 

35 

37 

Mean value. 

74d:3 

26±3 

60=b6 

34d=3 

39=b7 

j. 

F. 

74 

26 

65 

40 

35 

C. 

it 

63 

38 

68 

31 

32 

Ho. 

it 

73 

27 

55 

29 

44 

N. 

it 

63 

37 

67 

28 

35 

R. 

u 

69 

31 

65 

34 

35 

S. 

it 

73 

27 

64 

34 

36 

H. 

li 

71 

29 

63 

34 

37 

Mean value. 

69=fc4 

31db4 

64d:3 

33±3 

36±2 


figures is found for normal individuals. Table I presents these 
values as observed in seven normal men and seven normal women. 

The mean values with average deviations as observed in these 
fourteen normal subjects induding both sexes is shown in Table II. 

These values agree dosely with those of other investigators (Bohr 
(2), Rubow (5), Lundsgaard and Van Slyke (10), and Lundsgaard 






















TABLE n. 


Vital capacity 

Residual air 

Middle capacity 
Total capacity * 

Reaerve air 

Comi^exneDtary air 

Total capacity 

Total capaaty 

Total capacity' 

Total capacity 

per cent 1 

per cent 

per cent 

percent 

percent 

72ri=4 j 

28=t4 

62d=4 


38d=6 


TABLE III. 


Case No. 

Sex. 

Vital capadty 

Total capacity 

Residual air 

Total capacity 

Middle capacity 

Total capacity 

Reserve air 

Total capacity' 

•3 

1 

1 

Total capacity 



percent 

per cent 

per cent 

percent j 

percent 

1 

M. 

47 

53 

80 


20 

27 



50 

50 

68 


18 

32 



62 

38 

62 


23 

39 



70 

30 

62 


32 

38 

2 


53 

47 

65 


18 

35 



57 

43 

65 


22 

35 



61 

39 

60 


22 

40 

3 

« 

50 

50 


70 


20 

30 



61 

39 


66 


26 

34 



64 

36 


67 


31 

33 

4 

tt 

58 

42 


57 


16 

43 



63 

37 


57 


19 

44 

Mean value. 

58 

42 

65 

22 

36 

5 

F. 

60 

40 


73 


33 

27 

6 

« 

62 

38 


67 


29 

33 

7 

tt 


63 

37 

66 


29 

34 

8 

(€ 


66 

34 

65 


32 

35 

9 

« 


SO 

50 

69 


19 


31 

10 

« 

62 

38 

67 


29 


33 




64 

36 

68 


32 


32 

11 

(( 


50 

SO 


71 


21 


29 

Mean value. 

60 

40 

68 

28 

32 


Where several determinations are given for the same patient they were made 
during progressive improvement from the decompensated toward the compensated 
state. In making the averages each observation is counted as a separate case, 
because of the varying physiological state of the patient. 

4S5 
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(11)). Lundsgaard (11) published a similar table prepared from fig- 
ures taken from the literature and from his own work. Practically 
all the figures fall within the limits set by the average deviations 
of Table H. 

These two tables should be compared with Tables III and IV, in 
which the lung volumes of a group of patients with valvular heart 
disease showing evidence of respiratory insufficiency (dyspnea on 
slight exertion) are presented. 

Inspection of Table III shows that as compensation progresses 
there occurs an increase in the relative vital capacity and a reciprocal 
decrease in residual air. In most instances the relative mid-capaci- 
ties decrease and the percentage of reserve air and complementary 


TABLE IV. 


Individuals. 

Vital capacity 

Total capadty 

Residual air 

Total capaaty 

Middle capacity 

Total capacity ‘ 

Reserve air 

Total capacity 

s 

1 

0 

1 

1 

Patients. 

Normals. 

per cent 

59 

72 ±4 ' 

per cent 

41 

28=b4 

per cent 

67 

62 dr 4 

per cent 

25 

34dr3 

per cent 

34 

38 dr 6 


air to total volume increases. Table IV shows the averages of the 
relative lung volumes determined in twenty observations on eleven 
subjects with heart disease, compared with the averages of similar 
determinations in fourteen observations on fourteen normal indi- 
viduals. The differences between the normal and pathological Ivmg 
volumes are well brought out, and it will be observed that changes 
concomitant with compensation are in the direction of restoration 
toward normal relative lung volumes. 

These averages, presented graphically in Text-figs. 1 to 3, show the 
relative lung volumes for normal men and women as compared with 
the relative lung volumes determined by other authors for normal 
individuals, and with relative lung volumes for patients with heart 
disease. 











Text-Fig. 2. Percentage relation of vital capacity, mid-capacity, and residual 
air in three male patients compared with the same in normal subjects. In each 
of the three patients the second column represents the changes following rest and 
digitalis therapy. 
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Contrbls 

Text-Fig. 3. Percentage relation of vital capacity, mid-capacity, and residual 
air in five female patients compared with the same in normal subjects. 
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The functional significance of these changes is not dear, though 
it is evident that any quantitative deviation from a normal rdation- 
ship is likely to be of importance. Per se they show nothing of actual 
changes in the capadty of the lung. Frcan such a relationship as is 
shown in Text-fig. 1 it may be conduded that the patient with heart 
disease is able to use less of his whole lung capadty in fordble venti- 
lation than is the normal subject. In spite of the relative increase in 
mid-capadty it is apparent from Text-fig. 1 that the cardiac patients 
are breathing with lungs which are nearer the position of complete 
expiration (diminished reserve), though this position may itself be 


Pep 



Text-Fig. 4. Percentage relation of vital capacity to total capacity in ten 
patients compared to the same in fourteen normal individuals. The arrows 
pointing upward indicate changes in an individual patient from the decompensated 
to the compensated state. Arrows downward indicate the reverse change. 

elevated (relatively increased residual air). The pronounced increase 
in the percentage relation of vital capadty to total capadty during 
compensation has suggested that this value might be used as a quanti- 
tative eiqiression of the state of compensation. This in the main is 

Vital capadty 

true, as shown in Text-fig. 4, m which the - — ; r— per cent is 

Total capaaty 

graphically presented. It is seen that an increase during compen- 
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sation and decrease during decompeijsation occur. The fact that 
the level of the values for patients with heart disease is lower than the 
values for normal individuals is also indicated. In the more severely 
decompensated cases in which, as will be shown later, there is a 
decrease in residual air as well as in vital capacity, the significance of 
this value is lost, as there is a tendency for it to return to normal. 

One of the chief objects in determining relative limg volumes in 
normal individuals is that with these figures the establishing of nor- 
mal standards is facilitated. If a standard for any one of the lung 
volumes for individuals of a given weight or height or chest measure- 
ment is established, it will be possible to calculate on a percentage 
basis the other lung volumes normal for these individuals. 

Absolute Lung Volumes'- Normal Standards. 

In order to determine whether an individual’s lung volumes are 
larger or smaller than normal, it is obvious that normal standards 
must be available. In establishing standards of normal vital capacity, 
the relation of height of the individual to vital capacity has been 
used by Hutchinson (14) and Peabody (4), the relation of surface 
area to vital capacity by Peabody (4) and Dreyer (15), and the 
relation of chest volume to vital capacity by Limdsgaard and Van 
Slyke (10). West (16) made a valuable comparative study of these 
various methods for determining normal standards and concluded 
that the method using the relation of surface area to vital capacity 
was the most satisfactory. 

In applying a surface area (height-weight) formula in the study of 
pathological conditions one is, of course, confronted with the errors 
associated with abnormalities in weight due to the disease. An 
effort was made to avoid this difficulty as far as possible by using the 
patient’s weight only when he was in water balance and when there 
was no evidence of edema. 

In the use of chest volume measurement for calculation of normal 
lung volumes Lundsgaard recommends that the measurements be 
made dimng forced inspiration, assuming that of the various 

> Lung volumes are expressed in liters at temperature and pressure at which they 
were observed. They have not been reduced to 0°C. and 760 mm. Hg. 



490 


LUNG VOLUME IN HEAKT DISEASE 


positions occupied by the patient’s chest during respiration the posi- 
tion taken during forced inspiration is the nearest to normal. We 
are not prepared to defend the assumption of Lundsgaard that the 
forced inspiratory chest position of the patient is the one nearest to 
the normal, but if the chest volume method is employed, this figure 
is probably the best one to use at present. As will be seen both 
surface area and chest volume have been used in the present study 
in determining standards for calculating normal lung volumes. We 
cannot decide between the merits of the two methods. To do this 
would require study of a series of some thousand individuals of all 
sorts and conditions, such as Hutchinson (14) studied. With either 
method one encoimters occasional normal persons whose observed 
limg volumes do not agree with the calculated ones. 

From the calculated vital capacity the other lung volumes were 
derived, using the normal relative lung volumes according to the 
following example. 


Height 175 cm.; weight 77 kilos; surface area 1 92 sq. m. 

Liters 


4 80 
6.66 


1.92 X 2.5* 

4 80 
72 

6 66 - 4.80 - 1 86 

6.66 X 34 - 2.26 

6.66 X 38 - 2.53 

6.66 X 62 - 4.13 


(vital capacity). 

(total “ ). 

(residual air), 
(reserve “). 
(complementary air) 
(mid-capacity). 


* 2.5 is West’s factor for surface area 


These figures were then divided into the observed values and the 
per cent deviations from normal were thus obtained for the series 
of normal individuals and for patients with heart disease. 

The sources of error in this type of calculation are, of course, very 
great, and too much importance cannot be attached to conclusions 
drawn therefrom, except when a uniform deviation from the normals 
is foimd in the pathological cases. 

The percentage relationship of observed to calculated lung volumes 
in the normal and pathological series is shown in Tables V and VI, 
and the mean for each lung volume is graphically presented in Text- 
fig. 5. Inspection of this figure will show immediately that in the 
pathological cases the vital capacity and its subdivision (reserve and 
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ccanplcmentary air) and the mid-capadty and total capacity are 
diminished, i.e. the observed are below the calculated values, whereas 
in the normal subjects there is close agreement between the observed 
and calculated values. As regards the residual air, however, the 
values obtained in the pathological and normal cases agree within 
the limits of the mean deviations for normals. From this alone one 
would be led to the conclusion that the volume of the residual air was 
unchanged in cases of heart disease. 

The problem, however, cannot be dismissed so easily and requires 
further examination. An analysis of the data from which the means 
shown in Text-fig. 5 were derived is graphically presented in Text- 
fig. 6, in which each dot represents a separate determination and a 
comparison of the values in normal and patholo^cal cases can be 
made by simple inspection. Here it will be seen again that the 
values obtained in aU the observations made on patients for vital 
capacity, total capacity, and, with two exceptions, mid-capacity fall 
below the normal line. And it can be safely concluded from this 
that in patients with heart disease these three lung volimies are 
usually diminished or at least never increased. The values obtained 
in determination of residual air fall both above and below the normal 
line in both series and the scattering of points is so great that no final 
conclusions can be drawn. The scattering is doubtless in part due 
to errors in calculating the residual air, since the error involved in 
this calculation is greater than it is for the larger lung volumes. 
Among the patients the variations seem to be greater than among 
the normal individuals, and apparently more patients show an in- 
creased residual air than do the normals. This, however, may be 
accidental and cannot serve as convincing evidence. To clear this 
point, recourse was had to a study of individual cases in varying 
stages of decompensation, and a determination of their lung volumes 
was made and these were compared with the values calculated to be 
normal for them on the basis of their chest measurements. 

Text-figs. 7 to 13 present sdiematically the absolute lung volumes 
in liters. The general condition of the patients and state of decom- 
pensation may be judged from the curves in the upper portion of 
the charts and from the symptoms listed below the lung volume col- 
umns. The curves represent changes in weight, respiratory rate, 
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TABLE VI. 

Comparison of Observed to Calculated Lung Volumes in Twelve Parents with Heart Disease. 
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Where several determinations are given for the same patient they were made during progressive improvement from the 
iecompensated toward the compensated state. 







Text-Fig 5. Average percentage relation of observed to calculated lung 
volumes in fourteen normal subjects and twelve patients with heart disease. 
The black columns represent the percentage relation in the patients; the blank 
columns in the normals. The portion of the blank columns enclosed by the 
broken lines represents the average deviation for each lung volume. 
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Text-Fig 6. Percentage relation of observed to calculated lung volumes in 
normal subjects and patients with heart disease. The black dots represent the 
percentage relation in the patients, the others the relation in normal individuals. 
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Chest volume 


Dyspnea Dyspnea a 

Palpitation Orthopnea I 

Pam Cough Occasional 
Pain precopdial 

V r 


Pleuritic pain 

In Text-figs. 7 to 13 the first column represents the estimated lung volumes 
calculated from chest measurements after the method of Limdsgaard (11) or from 
the surface area. 


Text-Fig. 7, Case 1. Mitral stenosis and insufliciency; aortic insufficiency. 
Alterations in lung voliune. The low total capacity found at the first two observa- 
tions was associated with pleuritic pain which prevented the patient from taking 
a de^ breath. 
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Txxt-Fio. 8. Case 2, Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. 
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chest volume Palpitation 


Text-Fig. 9. Case 3. Mitral stenosis and insufficiency; aortic insufficiency; 
auricular fibrillation. Alterations in lung volume. 
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Trader liver Tender Bvb* 

Text-Fig. 10. Case 10. Mitral stenosis and insufiBciency ; auricular fibrillation. 
Alterations in lung volume. 
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Text-FIg. 11. Case 6. Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. 
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chest volume CoujJh 

Nausea Nausea 
Palpitation 

Pam 

Thoracentesis 
/, 700 cc pmd ^pirated 

Tzxt-Fig. 12. Case 13. Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. 
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Text-Fig. 13. Case 14. Mitral stenosis and insufficiency; auricular fibrillation 
aortic insufficiency. Alterations in lung volume. 
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or apex-radial rate, the curves employed in the individual cases 
being those which indicate changes in the patient^s condition. Where 
no symptoms were recorded none were present. The symptoms 
particularly looked for were dyspnea, orth<^nea, cough, palpitation, 
precordial or hepatic pain, nausea, and headache. Digitalis therapy 
is indicated by the broken horizontal line on the upper border of 
the charts. Dosage is not recorded, but in every instance sufficient 
quantities of the drug (digitan, Merck) were given to accomplish 
marked subjective improvement, decrease in apex rate, diminution 
of pulse deficit, increased fluid elimination, and loss of weight. A 
careful physical examination was made at the time the lung volume 
was determined. This included x-ray examination of heart and 
limgs. 

Case L. C. (Text-fig. 7); male, age 24 years. Diagnosis: Chronic cardiac 
valvular disease; mitral insufficiency and stenosis; aortic regurgitation. 

The patient had intermittent attacks of cardiac pain associated with elevation of 
temperature. Lung volume determinations were made during and after these 
attacks. During compensation the patient was able to fulfill the duties of a 
laboratory technician. 

Case 2, — ^J. G. (Text-fig. 8); male, age 45 years. Diagnosis: Chronic cardiac 
valvular disease; mitral stenosis and regurgitation; cardiac arrhythmia; auricular 
fibrillation. 

The first lung volume determination was made when the patient was suffering 
from signs and symptoms of heart failure; the second, a day later when there was 
subjective improvement; and the third, a month later when, after rest and digitalis, 
there was great improvement, the patient being able to mount one flight of stairs 
without discomfort. 

Case J.— T. S. (Text-fig. 9); male, age 24 years. Diagnosis: Chronic cardiac 
valvular disease; mitral stenosis and insufficiency; aortic insufficiency; cardiac 
arrhythmia; auricular fibrillation. 

The first lung volume determination was made after a month’s rest and digitalis 
therapy. The second shows the change concomitant with disappearance of the 
digital^ effect, and the third, the result of further digitalization. At this time the 
patient was free from symptoms and able to walk about the ward comfortably. 

Case iG.— R. F. (Text-fig. 10); female, age 30 years. Diagnosis: Chronic 
cardiac valvular disease; mitral stenosis and regurgitation; cardiac arrhythmia; 
auricular fibrillation. 

The first lung volume determination was made when the patient was relatively 
free from symptoms and able to walk about, though she was forced to live a much 
restricted life. 2 months later determinations were agaia made shortly after a 
break in compensation which required readmission to the hospital. Again 2 
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months later, after rest and digitalis therapy, a third determination was made. 
The patient’s cx>ndition was improved, but compensation had not been restored. 
There was still dyi^nea and r&les were present at the bases. 

Cast tf.— F. S. (Text-fig. 11) ; female, age 16 years. Diagnosis: Chronic cardiac 
valvular disease; mitral stenosis and insufficiency; cardiac h 3 rpertrophy and 
dilatation; cardiac arrh 3 rthmia; auricular fibrillation. 

Lung volume determinations were made at five different periods; the first four, 
while the effect of previous digitalis therapy was disappearing; the fifth, when the 
patient was again in a relatively compensated state as the result of further digi- 
talization. At the time of the last observation the patient was sitting up in a 
wheel chair 2 hours daily. She was not fit for greater exertion. 

Cast iJ.— -L. C. (Text-fig. 12); female, age 42 years. Diagnosis: Chronic 
cardiac valvular disease; mitral stenosis and insufficiency; hydrothorax; cardiac 
arrhythmia; auricular fibrillation. 

Lung volume studies were made at various intervals from March to June. Be- 
tween the second and third observations, when the patient was not receiving 
digitalis, 1,700 cc. of fluid were aspirated from the pleural cavities. At this time 
there was evidence of adherent pleura which may account for the relatively slight 
increase in lung capacity after withdrawal of the fluid. The effect of rest and 
digitalis will be seen in the fourth and fifth lung volume determinations. There 
was gradual increase of vital capacity, total capacity, and residual air during 
convalescence. 

Cast i4.— -R. S. (Text-fig. 13); female, age 51 years. Diagnosis: Chronic 
cardiac valvular disease; mitral stenosis and insufficiency; aortic insufficiency; 
cardiac arrhythmia; auricular fibrillation. 

Lung volume determinations were made between February 7 and April 19, 
1921. Determinations were made at seven different periods. During the first 
three the patient was under the influence of digitalis. The fourth, fifth, and sixth 
determinations were made while the patient was not receiving the drug. The 
increase in lung volume between the fifth and sixth determinations may be attrib- 
uted to the effect of complete rest in bed even without digitalis. The seventh 
determination was made with the patient again digitalized, fairly free from symp- 
toms, except for a cough, able to walk about on the level without dyspnea, though 
still weak, and at time suffering from palpitation. During the periods when no 
digitalis was given the patient had symptoms of cardiac insufficiency with rkles 
at the bases, hepatic engorgement, and rapid heart rate with a wide pulse deficit. 
The changes occurring in this case were in the nature of a decrease in all lung 
volumes during the period of decompensation. 

Simple inspection of these charts shows, as has been pointed out 
before, that in the individual case the absolute vital capacity, mid- 
capacity, and total capacity diminished during the progress of de- 
compensation, and increased during restoration of the compensated 
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state. The tenns compensation and decompensation, it is realized, 
are rough when used in an absolute sense to define a patient's status; 
but when used in a relative sense to define a change in condition 
towards or away from heart failure, they become serviceable words. 
The charts also show that in most of the patients with heart disease, 
irrespective of the state of compensation, the values for these volumes 
are lower than those calculated for similar normal individuals. 

No constant relation was determined between compensation and 
decompensation and the absolute values found for the residual air. 
But during the periods of decompensation these values for residual 
air became either larger or smaller. In the first three cases the re- 
sidual air increased with onset of heart failure, in the last four it 
diminished. At the periods when compensation was best, that is 
when the total lung volume was largest, the values determined for 
the residual air were always larger than those calculated for similar 
normal individuals. 

In other words, from these observations it appears that in a patient 
with heart disease the residual air volume is larger during compen- 
sation than is normal for a person of the same size. During decom- 
pensation the residual air volume may become still greater or it may 
diminish even below that for a normal individual. 

These results, confusing as they may appear, are susceptible of 
what seems to be a rational interpretation. With the gradually 
increasing pressure in the pulmonary circuit resulting from a lesion 
of the mitral valve and the myocardial insufiSciency, the vascular 
bed of the lungs becomes surcharged with blood. This gives to the 
lungs a stiffness (von Basch (17) [Lungenstarref) , analogous to that 
characteristic of erectile tissue. Forced expiration is therefore met 
with resistance, with the result that a given expiratory force does 
not produce the collapse which would occur were the lungs in their 
normal, spongy, elastic state. The result is an inaease in the resid- 
ual air. During this early stage of decompensation the total lui^ 
capacity may be normal, as in Subject 6 (Text-fig. 11), Subject 10 
(Text-fig. 10), and Subject 13 (Text-fig. 12); and the reduction in 
vital capacity at that time may be associated with an increase in 
residual air idone. With the progress of heart failure and inaeasing 
pressure in the pulmonary veins the increase in residual air may 
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become still greater, as in Subject 1 (Text-fig. 7), Subject 2 (Text- 
fig. 8), and Subject 3 (Text-fig. 9). At this time the same condition 
of rigidity whidi prevents forcible collapse of the lung may prevent 
forcible ejq>ansion, and reduction of the vital capacity may then 
depend iqmn reduction of the complementary as well as of the re- 
serve air. With advancing heart failure and appearance of pul- 
monary edema and the structural changes foimd in chronic passive 
congestion, the air spaces of the limgs may be encroached upon. 
In this condition the residual air during decompensation may be 
diminished. Sudi a change is shown in Subject 6 (Text-fig. 11), 
Subject 10 (Text-fig. 10), Subject 13 (Text-fig. 12), and Subject 14 
(Text-fig. 13). During this stage the enlarged heart and the engorged 
abdominal viscera may also operate to decrease the vital capacity 
and correspondingly affect the total capacity. This interpretation 
is for the most part in accord with that recently published by Lunds- 
gaard (11). The fact that heart failure may result in either increase 
or decrease in residual air explains the confusion in which the sub- 
ject has been shrouded, the confusion being aggravated by the fact 
that in some cases the residual air is normal in volxune. This latter 
condition depends upon a neutralization of opposite effects; namely, 
those resulting from stiffness and those produced by edema. 

It is obviously difficult to draw conclusions as to the functional 
significance of anatomical changes. This is especially true in the 
present instance since in individual cases in which changes in lung 
volume occur or in which abnormal lung volumes are foimd, the 
(diaracter of the anatomical alteration on which the volume changes 
depend can only be assumed by deduction from other facts and 
cannot be directly demonstrated. 

Two distinct and important processes are concerned in the phe- 
nomenon of external respiration: first, the mechanical bellows move- 
ments of the chest by which the diffusion of 0* into the alveolar air 
and COt outward is facilitated; and secon4, the passage of Oa into 
the capillary blood and COs from the blood. The latter depends 
upon (1) the composition of the alveolar air, (2) the state of the blood, 
and (3) the anatomical character of the alveolar walls. Changes in 
the volume of air in the lung in the different phases of respiration 
may directly or indirectly affect all these factors. 
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The significance of changes in vital capacity has been well and 
fully discussed by Peabody and his associates. In general it may 
be said liiat a reduced vital capacity indicates a reduction in pul- 
monary reserve in the sense that the vital capacity sets the limit 
to which the minute volume of pulmonary ventilation can be raised 
in response to metabolic demands. 

The significance of changes in total lung volume and in mid-capac- 
ity is not so clear. Changes in total lung volume in the individual 
case may depend upon one or more of a number of factors. En- 
croachment upon the chest space by other organs or tissue may give 
rise to a decrease in total limg volume. Decreased elasticity or 
stretching of the lung may give rise to increase in total volume as 
in emphysema. On the other hand, decreased elasticity associated 
with stiffness or thickening of the parenchyma may be associated 
with a decrease in lung voliune. 

In addition to these purely anatomical explanations of changes in 
total l\mg volume, however, there are vmdoubtedly numerous factors 
which regulate not only the rate and depth of the respiratory move- 
ments of the chest, but also determine the character of the move- 
ments and the degree of distention of the limgs during the various 
respiratory stages. The degree of distention is best characterized 
by the mid-position, and numerically established by determining 
the mid-capacity. In patients with heart disease, both during the 
state of compensation and during the state of decompensation, we 
have found the mid-capacity as well as total capacity to be usually 
low, as compared with values for similar normal individuals, the 
decrease progressing with decompensation. 

Bohr (2) found that in normal individuals increased metabolic 
demands, as in exercise, were followed by increase in mid-capacity. 
He, therefore, concluded that in normal individuals a small mid- 
capacity indicated functional fitness (FunctionsJ&higheU ) . He inferred 
that increase in mid-capacity represented a favorable response to 
increased strain and explained why such a response is of advantage 
by Mgnming that with increased distention of the lung parendiyma 
the resistance to blood flow through the capillaries became less. 
For this assiunption there is indeed considerable experimental evi- 
dence such as that of Schafer (18). 
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Rubow (5) found in patients with heart disease that the mid* 
capadly, considered as a percentage of the total capadly, was 
increased. In view of Bohr’s hypothesis he concluded that this rel- 
ative increase in mid-capacity in these patients represented a favor- 
able response to increased demands. 

The present studies, however, indicate that in patients with heart 
disease, although the mid-capacity in relation to total capacity is 
usually increased, the absolute mid-capacity as determined by com- 
parison with a normal individual or as determined in the same in- 
dividual in various stages of decompensation is decreased. 

In view of the findings it is difficult, therefore, to look upon the 
alteration in mid-capadty in patients with heart disease as a favor- 
able response. It seems more likely that this decrease in mid-capac- 
ity, which has been found, is an indication of intrapulmonary vascu- 
lar distention and therefore associated with increased pressure and 
decreased rate of flow in the pulmonary circulation. Instead, there- 
fore, of an increased mid-capadly and consequent favorable physio- 
logical state in the lung as Rubow thought, there is actually a lowered 
mid-capadty which is probably unfavorable. 

StTMMAEY AND CONCLUSIONS. 

The lung volumes in a group of individuals suffering from chronic 
cardiac disease have been studied by a method which is applicable 
to patients suffering from dyspnea. In a number of instances the 
same patients were investigated during various stages of decompen- 
sation and compensation. The values found have been compared 
with those determined in a group of normal subjects. 

Limg volumes have been considered from three points of view: 
(1) relative lung volumes or subdivisions of total l\mg volume ex- 
pressed as percentage of total limg volume; (2) the absolute lung 
voluihes of patients with heart disease have been compared with 
lung volumes calculated for normal individuals having similar sur- 
face areas or chest measurements; and (3) in individual cases absolute 
lung volumes have been measured in various stages of compensation 
and decompensation. 

(1) In patients with heart disease it has been observed that the 
vital capacity forms a portion of the total lung volume relatively 
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smaller than in normal individuals, and that the mid-capacity and 
residual air form relatively larger portions. When the patient pro- 
gresses from the compensated to the decompensated state these 
changes become more pronoimced. 

(2) When the absolute lung volumes determined for patients are 
compared -with volumes of the same sort, as calculated for normal 
individuals of the same surface areas and chest measurements, the 
following differences are found. The vital capacities are alwa)rs 
smaller in the patients and the volumes of residual air are always 
larger. There is a tendency for middle capacity and total capacity 
to be smaller, though, when the patients are in a compensated state, 
these volumes may approximate normal. 

(3) When decompensation occurs the absolute lung volumes under- 
go changes as follows: (a) vital capacity, mid-capacity, and total 
capacity decrease in volume; and (b) the residual air may either in- 
crease or decrease according to the severity of the state of decom- 
pensation. 

The significance of these changes has been discussed and an ex- 
planation offered for the occurrence of a residual air of normal vol- 
ume in patients with heart disease. It results from a combination 
of two tendencies working in opposite directions: one to increase the 
residual air — stiffness of the lungs {Lungenstarre); the other to de- 
crease it — distended capillaries {Lungensckwellung), edema, round 
cell infiltration. 
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EXPERIMENTAL STUDIES IN DIABETES. 

Series II. The Internal Pancreatic Function in Rela- 
tion TO Body Mass and Metabolism. 

11. The Relation of the Adrenals to Diabetes. 

By FREDERICK M. ALLEN, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research, New York) 

In continuance of an earlier investigation, ‘ the writer performed 
experiments in the years 1917 and 1918 concerning possible relation- 
ships between the pancreas and adrenals in regard to the etiology or 
symptoms of diabetes. The three lines of experiment consisted in 
partial epinephrectomy, fat feeding in connection with epinephrin 
injections, and epinephrin injections in partially depancreatized 
dogs. 

1. Partial Epinephrectomy. 

The low blood sugar of patients with Addison’s disease and the 
still more marked hypoglycemia of totally epinephrectomized animals 
were observed by authors previously quoted**’* and confirmed by 
practically all later workers.*-*’*’* It was also demonstrated that 
the hyperglycemia and glycosuria ordinarily following pancreatec- 
tomy are completely prevented when both adrenals are removed at 
or near the same time*-*’*® (but not when they are removed at the 
height of the diabetes**-**). Such observations furnished the chief 
support of the pluriglandular doctrine of diabetes. Subsequent 
work, however, has proved (a) that the conditions in adrenal defi- 
ciency in many respects resemble any other state of collapse ;**•**•** 
(b) that the early death following bilateral epinephrectomy, as also 
the hypoglycemia and other symptoms, are due to loss of the cortical 
and not the medullary portion of the adrenals, because animals 
survive if they possess sufSdent accessory cortical substance or if 
a sufficient portion of the cortex be spared;*’**'**’** (c) that carbo- 
hydrate metabolism is unaffected and diabetic and other forms of 
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glycosuria occur as usual after operations which thus leave sufficient 
cortical tissue while removing the entire chromaffin tissue of the 
adrenals.^®’^*’*® This evidence was less complete at the time when 
the experiments here to be presented were performed, but as the 
method was different from that used by others, the results may still 
be worth recording. 

A series of experiments were performed by the removal of as much adrenal 
tissue as seemed compatible with life, and testing the possible influence upon 
carbohydrate metabolism. Intravenous glucose injections were chiefly employed, 
by the discontinuous method previously described,** to guard against any irregu- 
larities of absorption under these conditions. The other methods were the same 
as in former papers. 

Dogs F6-83, F6-84 and G7-39 were normal animals which imderwent removal 
of the greater part of the left adrenal and subsequently of the entire right adrenal, 
leaving only about one-sixth of the total adrenal tissue, and which received 
intravenous glucose tolerance tests a few days before the first operation and 2 or 
3 wedts after the second operation. The results of these tests, shown in Table 1, 
indicate certainly no elevation of tolerance by the reduction of adrenal tissue. 
A lowering of assimilation might be suspected especially in dog F6-84, but all the 
differences are probably within accidental variations. 

DOG e5-92. 

Partial Epinephrectomy in Diabetes. 

Female, mongrel, age 3 or 4 years, good condition; weight 16.75 kg. August 31, 
1917, removal of pancreatic tissue weighing 29.6 gm. Remnant about main 
duct estimated at 3.4 gm. (1/9-1/10). High carbohydrate diets at first were 
necessary for glycosuria, but the diabetes was allowed to progress to a severe 
stage, so that by repeated tests the tolerance was found to be below 400 gm. of 
beef lung. Thus, on November 28, the weight was 12.5 kg.; the plasma sugar 
was 0.167 per cent, before feeding; 6 hours after feeding 400 gm. lung and 100 gm. 
suet it was 0.269 per cent., and the urine was 395 cc. with 2.4 per cent, sugar. 
After a fast-day to stop glycosuria, | to } of the left adrenal was removed on 
November 30. The diet on the next day was 100 gm. lung and 100 gm. suet, and 
was increased gradually to 400 gm. lung and 100 gijti. suet on December 4, when 
glycosuria returned. It ceased when the lung was reduced to 100 gm., returned 
with an increase to 300 gm. on December 8, and was continuous on 300 gm. lung 
and 100 gm. suet to December 12, with plasma sugars as high as 0.4 per cent. 

December 12, at a weight of 11.7 kg., the entire right adrenal was removed by an 
operation which was very easy in the emaciated dog. Glycosuria was stopped by 
the one fast-day, and failed to return on the diet of 300 gm. limg and 100 gm. suet. 
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A sufficient reason was present in the cachexia and diarrhea of poorly digested food. 
On December 27 the wei^t was 11 kg., the plasma sugar 0.147 per cent* before 
feeding and 0.185 per cent, six hours after feeding. The weight and strength 
continued to fail, until on January 18, 1918, the dog weighed 9.5 kg. and was too 
feeble to stand. The plasma sugar was 0.042 per cent., the COs capacity 34.7 vol. 
per cent.; acetone negative. At autopsy the pancreas remnant weighed 3.9 gm., 
and the results of the adrenal operations were confirmed. Microscopically, the 


TABLE 1. 


Dogs receiving intravenous tolerance tests with 1.5 gm. Merck glucose per kg. per 
hour in 10% solution, 3 injections per hour for 3 hours, before and after 
partial epinephrectomy. 


Dog F6>83 Weight 9 Kg. 


DogF6-«4 Weight9Kg. 


Dog G7-39 Weight 11 Kg. 



URINE 

Plasma 

Sugar 

% 

URINE 

Plasma 

Sugar 

% 

URINE 

Plasma 

Sugar 

% 

Vol. 

cc. 

Glucose 

% 

Vol. 

cc 

Glucose 

% 

Vol. 

cc. 

Glucose 

% 

Before Operation 









HI 

Before injection 

25 

0 


18 

0 


15 

0 


End of 1st hour 

52 

3 70 

0 159 

50 

2 63 

0 175 

HI 


tm 

“* “ 2nd “ 

58 

2.86 

0 152 

26 

2.80 

0 179 

5 



" “ 3rd « 

124 

2.83 

0 218 

90 

1.50 


148 


0.232 

1 hour after ending 










injections 

38 

Faint 


63 

Faint 


44 

Faint 

0.085 

2 hours after end- 










ing injections 

12 



25 

a 

0 089 

66 

0 

0.131 

After Operation 










Before injection 

38 

0 

0 099 

10 

0 


56 


0.088 

End of 1st hour 

41 

4 08 

0.263 

26 

8 70 


30 



‘‘ “ 2nd “ 

40 

1 77 

0 256 

23 

4 08 


32 


EH 

“ 3rd « 

71 

1.24 

0.145 

138 

3 23 



0 41 

0.156 

1 hour after ending 










injections 

53 

0 28 


25 

0.26 


86 

Faint 

0.084 

2 hours after end- 










ing injections 

19 

Faint 



Faint 


34 


0 088 


pancreatic acini were empty but not involuted. Islands were present in fair size 
and nvunber, but with vacuolation in a few cells. .This, and some Armanni 
rh«nfr«>n in the kidneys, indicated that hyperglycemia probably continued up to the 
terminal collapse. The viscera otherwise were negative. 

The cachexia and asthenia of this animal were suggestively like those of Addi- 
son’s disease. Also as noticed in connection with the thyroid,” operations on 
different organs which sq>arately are well borne sometimes produce fatal cachexia 
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when combined. The suppression of glycosuria and partial reduction of hyper- 
glycemia here are not appreciably different from the rule in any cachexia.** No 
boiefit of the adrenal q>erations is perceptible, for the resulting condition was fatal, 
while many experiments in this and the preceding series have shown duit with 
simple undemutrition the diabetes in such a case can be controlled and the animal 
k^t alive apparently indefinitely. 

2. Fat Feeding in Relation to Epinephrin Glycosuria. 

It was asserted by Blum*® and confirmed by Roubitschek** that 
when animals have fasted to such a point that a certain dose of 
epinephrin no longer causes glycosuria, the feeding of pure fat for 
several days causes them to be subject to glycosuria from the same 
dose. These writers interpreted their results as proof of the forma- 
tion of sugar from fat. Eppinger, Falta and Rudinger** reported 
a similar finding, but were inclined to believe that the fat merely 
spared glycogen. Though these reports are inherently improbable, 
the experiments seemed worth repeating for two reasons: (a) It 
is generally accepted that fat tends to drive out glycogen from the 
liver, and it is thus conceivable that fat feeding might augment the 
effect of qpinephrin; (b) Fat exerts a powerful influence upon dia- 
betic glycosuria,**’®* and a similar observation in connection with 
any other form of glycosuria would be of interest. 

Numerous trials were made which need not be reported in detail, 
as they merely confirm Underhill’s**’*® conclusion that this form of 
experiment is unreliable; no uniformity of either h3Tperglycemia or 
glycosuria can be anticipated in the same animal or in different 
anim als from the same dose of epinephrin. The influence of single 
or repeated fat feedings upon the sugar of blood or urine was nega- 
tive throughout. This statement holds not oiJy for normal dogs 
but also for those depancreatized so as to lower the tolerance nearly 
to the point of diabetes. A single experiment of this type will be 
given as an illustration. 

Dog B2-00, normally weighting 14 kg., had been subjected to partial panaeatec- 
tomy to such an extent that the removal of approximately 2.5 gm. of tissue was 
subsequently foimd necessary to produce diabetes. Fasting was begun May 8, 
1916, at a weight of 14.3 kg. May 15, at a weight of 12.9 kg., a subcutaneous in- 
jection of 4 cc. of Parke-Davis adrenalin solution (1/1000) was given in the fasting 
condition, with the result of hyperglycemia without glycosuria, as shown in Table 2. 
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May 17, the feeding of 100 gm. lard daily was begun. May 22, at a weight of 
11,9 kg., 200 gm. lard was fed at 9 A. M., and at 2 :45 P. M. an epinephrin injection 
given as before. There was still no glycosuria, and the diSerence in hyi)erglycemia 
was within the limits of accidental variation. 

Plain fasting was then resumed. May 26, 300 gm. white clay was fed at 9 
A. M., by mixing with water and molding in convenient lumps, each bolus being 
swallowed readily when placed in the back of the mouth. The purpose was to 
test any possible influence of mere fullness of the stomach. There was still no 
glycosuria from the adrenalin injected in the afternoon, and no important differ- 
ence in the hyperglycemia. 

With continuance of fasting to May 29, the weight was down to 10.9 kg., and 
the animal was distinctly weak. After the feeding of 500 gm. of beef lung, the same 

TABLE 2. 

Dog B24)0. 


Weight 14 kg. Partially depancreatized, not quite diabetic. 

Injection of 4 cc. adrenalin solution (1/1000) subcutaneously at 2:45 P. M. on 

4 different days. 


Time 

PLASMA SUGAR % 

Remarka 

May 1$ 

May 22 

May 26 

May 29 

2:40 P.M. 

0.123 

0 095 

0,105 

0.092 

May 15, fasting. 

3:45 P.M. 

0.126 

0 110 

0 104 

. 

“ 22, fed 200 gm. lard. 

4:45 P. M. 

0.175 

0 095 

0 137 

0 154 

“ 26, 300 gm. white day. 

6:00 P.M 

0 196 

0 161 

0.162 

0.228 

i “ 29, 500 gm. lung. 

7:30 P.M. 

0 200 

0 186 

0 250 

0.250 


10:30 P. M. 
Total glucose 

0 170 

0 230 

0 244 

0 323 



excreted, gm. 

0 

0 

0 

0 12 

i 


dose of adrenalin produced the highest hyperglycemia of the series, together with 
sii^t glycosuria. Though there were fewer calories and fewer grams of protein 
on this day than of fat on May 22, and though it was at a later stage of fasting, 
the sugar production from protein was nevertheless positive, in contrast to the 
negative results of fat. 

J. Epinephrin Injections in Relation to Diabetes. 

The experiments imder this heading were planned from three points 
of view. 

First, diabetic dogs are subject to hydropic degeneration of the 
islands of Langerhans from the functional overstrain of excessive 
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diets.** If epinephrin is specifically antagonistic to the island func- 
tion, it may perhaps produce morphologic changes in animals pre- 
disposed by suitable partial pancreatectomy. 

Second, if, as alleged in pluriglandular speculations, the hormone 
of the islands normally acts as a “brake” upon sugar formation in 
the liver, and diabetes consists in excessive glycogenolysis by epineph- 
rin due to the removal of this “brake,” exaggerated effects should 
be produced by q>inephrm injections in animals made diabetic by 
partial pancreatectomy. 

Third, diabetes is characterized by excessive and persistent forma- 
tion of sugar not merely from glycogen but also from protein. Several 
authors** have described increased excretion of nitrogen in fasting 
animals as a result of epinephrin injections. Differences of dosage 
and methods may explain various discrepancies. The most reason- 
able explanation is that after depletion of its glycogen by epinephrin 
the fasting organism undertakes to restore its glycogen reserve, and 
does so by using protein for the purpose. In this way the increased 
nitrogen excretion is merely a secondary phenomenon, and the 
general experience is that epinephrin under ordinary conditions of 
nutrition does not increase nitrogen loss. Observations on this 
subject in partially depancreatized dogs seemed desirable for two 
reasons: (a) to determine whether under these circumstances epi- 
nephrin will reproduce this important feature of diabetes, namely, 
glycosuria at the expense of increased protein destruction; (b) in 
addition for possible light upon a new question, namely, whether 
diabetic tissues are more easily subject to breakdown from various 
causes than the normal. 

For this purpose, a series of diabetic dogs and normal controls 
were subjected to experiments as follows: 

DOGS D4-77 AND D4-89. 

Dog D4-77 was partially depancreatized January 19, 1917, leaving a remnant 
estimated at about one-ninth about the main duct. The mild diabetes which 
resulted was made severe by carbohydrate overfeeding, and the condition was then 
kept under control by protein-fat diet and undemutrition. Dog D4-89 was 
chosen as a normal control and subjected to the same conditions, except operation. 
The two dogs were then used for e:q>eriments with thyroid feeding, as previously 
described.** Following the thyroid period, injections of adrenalin were given as 
shown in the tables, first on the diet mentioned and later on fasting. 



Dog D4-77. 
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Total N output for 9 da 3 rs 27.97 

Average N output per day 3.11 

N output per kg. per day 0.36 



DogD4-89. 
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Total N output for 9 da\ 4 30 

Average N output per day 3 81 

N output per kg. per day 0 39 
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Though dog D4-77 actually had diabetes of considerable severity, and was only 
kept sugar-free by close dietary restriction, no marked exaggeration of the effects 
of either intravenous or subcutaneous adrenalin doses was demonstrable. There 
was no glycosuria in either animal, and the differences in regard to h 3 ^perglycemia 
were not extreme. The nitrogen loss of the two dogs was also practically identical. 

DOGS ES-00 AND ES-46. 

Dog E5-00 was made severely diabetic by successive pancreatic operations on 
March 8 and April 3, 1917, the remnant about the main duct being estimated at 
between one-ninth and one-tenth of the gland. After the glycosuria had become 
well established, it was checked by fasting and low protein-fat diet. Dog E5-46 
was kept on the same diet, as a normal control. 

The severity of the diabetes in dog E5-00 is indicated by the glycosuria which 
resulted from the feeding of only 200 gm. beef lung and 100 gm. suet on May 29. 
A fast-day, followed by a day of suet only, raised the tolerance so that this quantity 
of protein was tolerated following June 1. The subsequent intraperitoneal adrena- 
lin injections produced no glycosuria in the fasting normal dog and only trivial 
sugar excretion in the severely diabetic dog. The nitrogen excretion per kilogram 
happened to be identical in the two animals. 

DOGS F6-07 AND F6-08. 

These two animals were chosen as nearly equal in weight, and were partially 
depancreatized on December 6, 1917. The remnant communicating with the main 
duct was estimated in dog F6-07 as one-eleventh, and in dog F6-08 as one-twenty- 
first of the gland; i.e., under ordinary circumstances the diabetes would be more 
severe in the latter dog. By reason of fasting one day before operation and 
continuously afterwards, dog F6-08 remained free from glycosuria. There was 
rapid enlargement of the pancreas remnant, the weight of which was estimated 
at 1.4 gm. on December 6. On December 14, 0.5 gm. additional was removed, and 
on December 19 an additional 1.25 gm., and when the dog was chloroformed for 
autopsy on December 31 the remnant still weighed 1 9 gm. The pancreas 
specimens from all the operations and the autopsy were microscopically normal, 
except for doubtful thin ning of cytoplasm in the island cells at the close, as though 
a slight tendency to exhaustion might be present. 

The pancreas remnant in dog F6-07 was estimated at 2.5 gm., and at autopsy 
on December 16 was found to weigh 2.6 gm. The difference in hypertrophy as 
compared with dog F6-08 need not be attributed to adrenalin, as different dogs 
vary widely in this respect for unknown causes.*^ The pancreatic tissue at 
autopsy was microscopically normal except for slight but distinct vacuolation in a 
number of cells of all the islands. 

Slight glycosuria resulted from the intraperitoneal adrenalin injections in dog 
F6-07. This effect was less than might have been anticipated from the severity 
of the potential diabetes, and the progressiveness characteristic of diabetes seemed 
to be absent. Excessive protein catabolism wasialso absent. 
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Total N output for 9 days 44.37 

Average N output per day 4.93 

N output per per day 0.34 
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Thou^ the famUiar transitory adrenalin glycosuria is represented here, no 
definite influence toward the production of true diabetes is demonstrable, though 
mere over-feeding would have shown this effect very quickly. The rapid hyper- 
trophy of the panaeas remnant in dog F6-08 may have more than compensated for 
its smaller size, and the slight difference in vacuolation of islands probably lies 
within accidental variations. Neither the glycosuria nor the azoturia of true 
diabetes was in evidence. 

DOGS F6-06, F6-09, F6-10 and F6-11. 

These four animals were chosen as practically identical in size. All of them 
fasted completely from December 5 onward. On December 6, dog F6-06 was 
partially depancreatized, leaving a remnant about the main duct estimated at one- 
seventeenth, and dog F6-09 likewise, leaving a remnant estimated at one-fifteenth 
of the gland. Dog F6-06 was treated with adrenalin intraperitoneally, while 
dog F6-09 was used as a diabetic control. Dogs F6-10 and F6-11 were used as 
non-diabetic controls. The former received adrenalin intraperitoneally in the 
same dosage as dog F6-06. Dog F6-11 remained on plain fasting xintil December 
19, when partial pancreatectomy was performed, leaving a remnant estimated at 
one-fifteenth, in order to compare the periods before and after this operation in the 
same animal. The initial body weight was used as a basis for reckoning the aver- 
age nitrogen excretion per kilogram. 

The output of sugar and nitrogen in dog F6-06 was by far the highest of the 
series, and the difference seems to lie outside the possible limits of accidental 
variation. The experiment indicates that, in the presence of active diabetes, 
adrenalin is able to cause a greatly increased excretion of sugar derived not merely 
from preformed carbohydrate but also from protein. 

In the normal dog F6-10, adrenalin caused no glycosuria. The average nitrogen 
loss was higher than in the first ten-day period of dog F6-11, indicating a possible 
increase of nitrogen catabolism by adrenalin in a fasting animal, even without loss 
of sugar. This nitrogen loss, however, was lower than in the diabetic dog F6-09, 
which received no adrenalin but lost considerable sugar. 

The results in dog F6-11 are uncertain. Owing to the prolonged fast, there 
was very little glycosuria. In figuring the nitrogen loss per kilogram, the initial 
weight of 19 kg. was taken as a basis for the first period and the weight of 14.55 
kgr as a basis for the second period. The average loss thus appears higher during 
the second period, when the animal was potentially diabetic, but this basis of 
comparison may not be sufficiently accurate. 

The pancreatic tissue of dog F6-06, taken in the original operation on December 
6, was normal. The remnant at this operation was estimated at 1.78 gm. After 
further removal of 0.3 gm. on December 14 and 0.5 gm. on December 19, the 
remnant at autopsy weighed 2.2 gm. Microscopically, the islands showed vacuola- 
tion, increasing from a slight degree on December 14 to a moderate stage at 
autopsy.- 
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Total N output for 12 days 72.31 

Average N output per day 6 02 

N output per kg. per day. 0 31 
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Dog F6-09 had a pancreas remnant estimated at 2.6 gm. on December 6. Addi- 
tional tissue weighing 0.6 gm. was removed on December 19, and the remnant at 
autopsy weighed 1.7 gm. The tissue removed December 6 was normal. Distinct 
vacuolation was present in the islands on December 19, and at autopsy this was 
fully equal in degree to that found in dog F6-06. The Armanni changes in the 
renal tubules were similar in the two dogs No visible changes were therefore 
produced by the adrenalin doses given to one of these diabetic animals. 

Dog F6-10 showed strictly normal pancreatic tissue at autopsy, with no sign 
of change due to the adrenalin injections. The kidneys showed congestion of 
glomuruli and slight degeneration and exudation in occasional glomuruli and 
tubules, which may or may not have been the result of the adrenalin. Armanni 
vacuolation was slight or uncertain, and the examination was not checked by 
glycogen or fat stains. 

TABLE 13. 

Dog ¥6-75 May 13, 1918. 


Time 

BLOOD 

URI\E 

Rcntark.* 

Plasma 
Sugar 
mg per 
100 cc 

COa 

\ol 

( orp 
vol 
% 

\ol 

ct 

Sugar 

gm 

Acetone 

qual 

12:30 P. M. 

132 

46 2 

41 8 




10 CC adrenalin injected . 

12:55 P. M. 

232 

51 9 

50 0 




. . . . . 

1:45 P. M. 

555 

46 2 

49 0 





3:14 P M. 

558 

50 0 

50 6 

.... 



. . . 

4:15 P.M. 

445 

61 4 

56 7 

, 



. ... 

7:30 P.M. 1 

99 

54 8 

68 5 





9:30 P M. 

112 

51 9 

68 0 

92 

3 32 

Neg. 

1 Urine for experimental 


i 1 

1 





period. 


Dog F6-11 showed normal pancreatic tissue in the first operation on December 
19, except for partial emptiness of the acini due to fasting. No alteration of islands 
due to fasting, and none of the alleged transitions between acinar and island tissue 
were discoverable. Slight vacuolation was found in the islands on December 27, 
and a slightly more advanced stage at autopsy on December 3 1 . This vacuolation 
is evidently due to the degree of functional overstrain represented by the marked 
hyperglycemia, as glycosuria was absent most of the time. 

DOG F6-75. 

This normal animal, weighing 7.4 kg., was given 10 cc. of adrenalin solution 
intraperitoneally at 12:30 P. M. Great hj^erglycemia resulted, but the total 
sugar excretion was only 3.32 gm. The animal was found dying shortly after 
midnight, and was autopsied immediately. The pancreas was strictly normal, 
and neither acini nor islands showed the slightest microscopic changes. 
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DISCUSSION. 

I. Alleged Antagonism of Epinephrin and Insulin. 

With the recent discovery of insulin, the last requirement for 
complete demonstration of the pancreatic origin of diabetes has 
been fulfilled. What remains of opposition to this doctrine con- 
sists not of facts, but merely a state of mind. The development 
of the truth has been so slow that a multitude of persons have be- 
come accustomed to pluriglandular conceptions of diabetes, and 
the most conclusive proof will encounter diflSculty in uprooting an 
error which is so deeply grounded in the literature. There is danger 
that the same shallow thinking which founded the pluriglandular 
doctrine will introduce further confusion by the assumption that 
epinephrin is the physiological antagonist of insulin. Epinephrin 
causes glycogenolysis and hyperglycemia; insulin causes glycogen 
formation and lowering of the blood sugar. What could be a plainer 
example of antagonism? 

As an anatomical example of a similar fallacy, it may be suggested 
that the chin is lowered when the mouth is opened or the head bent 
forward, and elevated when a man rises from a sitting posture or 
leaps into the air; and a person confining his attention exclusively 
to the chin might thus conclude that the depressors of the mandible 
are the natural antagonists of the extensors of the legs. If epineph- 
rin is the physiological antagonist of insulin, then the chromaffin 
tissue is the opponent of the islands of Langerhans, which means 
that the doctrine of antagonisms and balances between glands is 
correct, and that diabetes is a form of epinephrin glycosuria, due 
wholly or largely to the unrestrained action of the adrenals when the 
inhibiting influence of the Langerhans tissue is weakened. A pres- 
entation of experimental evidence on the subject is therefore im- 
portant at this particular time. Pluriglandism is to be opposed 
not merely as a false doctrine but especially as an unsdratific mode 
of thought which constitutes the most pernidous tendency in the 
contemporary study of metabolism. It is therefore worth while to 
recapitulate briefly some of the known facts bearing on the relation 
of the adrenals to glycosuria or diabetes, imder the following five 
heads: 



FREDERICK M. ALLEN 


533 


L Clinical Pathology . — It is bad enough that rare abnormalities 
of the thyroid or hypophysis in association with diabetes have caused 
these to be dragged into the etiology, but it is well known that for 
the adrenals no trace of evidence for such a connection exists. The 
signs of adrenal excess consist in virilism, hirsutism, etc.,**'”’® and 
are supposedly due to overdevelopment of the cortical tissue. No 
state of chromaffin excess has ever been recognized. The munerous 
attempts to demonstrate abnormal quantities of epinephtin in the 
blood or in the adrenals have failed completely in diabetes, h3q)er- 
tension, and all other conditions.*®’*^ Various grades of diabetes 
and hypertension coexist in numerous elderly patients, doubtless 
on the basis of associated scleroses in the pancreas and kidneys; 
but believers in an epinephrin factor have never been able to ex- 
plain why hypertension is so often foimd with normal carbohydrate 
tolerance and why the great mass of diabetics have normal blood 
pressure.*® Likewise, states of chromaffin deficiency have never 
been demonstrated, and there is no evidence that the hypoglycemia 
of Addison’s disease is due to lack of epinephrin.’® 

2 . Epinepkrectomy Experiments . — It is impossible to learn vrhether 
the chromaffin tissue is essential to life, because the greater part of 
this tissue lies outside of the adrenals and cannot be removed. The 
cortical tissue, which does not produce epinephrin, is essential to life, 
and its removal is responsible for the acute death which follows double 
epinephrectomy in most species. A large proportion of animals of 
some species, such as the rat and the rabbit, survive this operation 
because they possess sufficient cortical tissue outside the adrenals.’’’®’** 
Species such as the cat and dog, in which the double operation is 
invariably fatal because of lack of sufficient accessory cortical nodules, 
survive indefinitely when the medullary substance is removed and 
the cortex spared.”’*’ Animals which have thus lost the entire 
adrenal medulla show nothing resembling Addison’s disease, have 
normal blood sugar and carbohydrate metabolism, and are subject 
to diabetes and various forms of experimental glycosuria in the usual 
way.*® The h3q)oglycemia and other fatal symptoms are due to 
loss of the cortical tissue, and both the experiments and the in- 
terpretations underl3dng the pluriglandular hypothesis are thus 
proved to be erroneous. 
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3. Epinephrin Injections . — The first step in an attempt to show 
a relationship of the chromaffin tissue to diabetes should be a proof 
that epinqphrin can cause glycosuria. As previously pointed out,** 
such proof has never been brought. The most obvious and charac- 
teristic effect of q>inephrin in the living organism is the elevation of 
blood pressure. It remains a fact that the method of administering 
epinephrin which produces this typical effect to the highest degree, 
namely intravenous injection, has the least influence upon carbohydrate 
metabolism, and, vice versa, subcutaneous or intrapeiitoneal injections 
which cause little or no rise of blood pressure produce the greatest 
hyperglycemia and glycosuria. Attempted explanations of this dis- 
crepancy are unsatisfactory, and it is a permissible h 3 ^othesis that the 
excess sugar formation is due to chemical products from epinephrin 
decomposition or from the injured cells, such secondary changes 
occurring to some extent when the epinephrin is given intravenously 
but to a greater extent when it is injected directly into the tissues. 
Epinephrin is supposed, particularly by the pluriglandists, to exert 
its glycogenolytic influence chiefly in the liver. The anatomic 
situation of the adrenals is such that their epinephrin discharge is 
equivalent to an intravenous injection in the systemic, not the portal, 
domain, and this arrangement therefore seems in all respects least 
adapted to act upon the liver glycogen. It is therefore possible that 
the h)q)erglycemia and glycosuria from epinephrin injections repre- 
sent a purely artificial drug effect, not corresponding to anything 
in either normal or pathological metabolism. The argument that 
any marked pharmacologic property of a glandular extract must 
indicate a similar activity on the part of the living gland is best 
answered by the example given by Kennaway and Mottram,*® 
namely, the galactagogue substance which is found in the pituitary 
glands of fish. If all the above objections be discarded, the question 
of dosage is still too important to be ignored. The quantities of 
epinephrin used to produce glycosuria are huge in a physiological 
sense. It is doubtful if any such quantities are thrown into the 
circulation from the adrenals under either normal or abnormal condi- 
tions, and it is certain that if such quantities are ever poured into 
the veins they must cause elevated blood pressure and other dis- 
turbances. No such thing as a prolonged continuous epinephrin 
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glycosuria has ever been produced, and the idea is absurd on the 
face of it, because of the renal injuries and systemic intoxication 
which must result from the large quantities required for this purpose 
in either normal or potentially diabetic animals. On the other hand, 
small doses of epinephrin lower the blood pressure instead of raising 
it «.4*,«,44 likewise lower the blood sugar instead of raising it." 
Repeated small doses of epinephrin increase glycogen storage." 
These interesting results of small quantities, which perhaps fall 
within the limits of physiological epinephrin production, have been 
completely overlooked in the current speculations on the subject. 

4. Function of the Chromaffin Tissue and Epinephrin . — Several 
facts are opposed to a specific antagonism between epinephrin and 
insulin. First is the different action of different quantities of epi- 
nephrin just mentioned. Second, if it should be granted that the 
acute disturbance following double epinephrectomy is in any way due 
to deficiency of epinephrin, it could still be pointed out that the 
pluriglandists as usual have seized upon the one feature which suits 
their views, namely, the hypoglycemia, and have ignored the other 
equally striking occurrence, namely, the rapid disappearance of 
glycogen and loss of power to form glycogen,^’ ** which is the direct 
opposite of the results of insulin excess. Third, the effect of epin^h- 
rin as an antidote to an overdose of insulin, which seems so strik- 
ing, represents merely sudden glycogenolysis, entirely comparable 
to such an artificial procedure as a glucose injection. It is not only 
susceptible to interpretation as an unphysiologic drug action, as 
above mentioned, but also is apparently dependent upon the presence 
of glycogen. Epinephrin probably cannot antidote an overdose of 
insulin in a diabetic who lacks sufficient glycogen.^* Absence of 
insulin results in glycosuria which is not dependent upon glycogen 
but continues at the expense of maximum sugar formation from 
protein. This fact alone warrants the inference that epinephrin is 
not a specific antagonist of insulin, and that deficiency of the one 
hormone is not equivalent to excess of the other. From a broader 
viewpoint, attention may be directed to the results of all the recent 
investigations of the function of the chromaffin tissue and epinephrin. 
The views of Cannon and Stewart, opposed in several particulars, 
are fully harmonious on this point. Stewart’s criticisms have exposed 
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the speculative and erroneous opinions which have been so widely 
entertained concerning the role of the adrenals, and his researches 
and those of his pupils*® ** ®® have tended to discredit epinephrin 
excess as an explanation of various glycosurias and other experi- 
mental phenomena, and thus to shatter the entire pluriglandular 
conc^tion of this question. Cannon*’'-*®-*®-’^® and others”*"-”-” 
have championed the emergency fimction of the chromaffin tissue, 
in the sense that a discharge of epinephrin under a strong nervous 
stimulus increases muscular tone and also mobilizes extra sugar as 
fuel for strenuous activity. This provision might be highly advan- 
tageous; but, with recognition of the fact that diabetes means in- 
ability either to bum or to store carbohydrate, it is at once evident 
that any tendency to diabetes would be extremely disadvantageous 
under these circumstances and would defeat the entire purpose of 
the mechanism. The entire embryology and phylogeny of the 
chromaffin system indicate some functional association with the 
sympathetic nervous system, which is something altogether apart 
from diabetes. 

5. Nature of Diabetes . — The basic characteristic of diabetes is 
the inability to utilize food, particularly carbohydrate. An over- 
production of sugar may be a usual accompaniment, but dear think- 
ing must classify a depancreatized animal as diabetic to the same 
degree as before, even if hypoglycemia has been produced by re- 
moval of the adrenals or liver or by any profound shock or exhaus- 
tion, because insulin and the normal nutritive function which de- 
pends upon it are still absent. That epinephrin does not prevent 
sugar utilization is proved by the retention of a large proportion of 
any dosage of sugar even at the height of epinephrin glycosuria,* •*» 
and by respiratory studies," particularly those of Lusk.*®-®* 
Most persons who lightly accept an antagonism between epinephrin 
and insulin fail to recognize that this is one of four doctrines of the 
Vienna school which are inseparably bound together. First, dia- 
betes is supposed to be a pure overproduction of sugar, without any 
impairment of utilization; the glycosuria merely conforms to Ffliiger’s 
idea of “a glass running over.” Second, the liver is depicted as the 
“sugar factory,” in which the machinery of production is driven by, 
epinephrin, while the function of insulin is merely to act as a “brake” 
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to hold this production within normal limits.”-” Third, the doctrine 
of sugar formation from fat is an essential feature, because the al- 
leged quantities of sugar, far in excess of anything derivable from 
carbohydrate or protein, can come from no other source. Fourth, 
the above views require denial of the generally accepted explanation 
of acidosis; therefore it is asserted that the acetone bodies are by- 
products of the formation of sugar from fat in the liver. These four 
Vienna doctrines, however improved and pernicious, are at least con- 
sistent. Anyone, however, who accepts scientific proofs must recog- 
nize that the excess of sugar in diabetes is an expression of the profound 
nutritive disturbance. The function of insulin is not merely to 
build up glycogen or prevent sugar formation, but to provide for the 
normal utilization of carbohydrate and other foods and for the entire 
bodily nutrition. This specific nutritive function of insulin, and 
the reinforcement of sympathetic nervous activities by epinephrin, 
are processes of a totally different order. Glucose injections, which 
cause hyperglycemia, are not antagonistic to insulin, but on the 
contrary are utilized by means of insulin. Likewise epinephrin, 
piqfire, ether and all other agencies which cause hyperglycemia by 
glycogenolysis cannot be regarded as antagonistic to insulin, unless 
they tend to create true diabetes by abolishing the utilization of 
sugar. In the same sense, it is ridiculous to regard liver removal, 
shock, poisoning by peptone or hydrazine, or other causes of hjq)o- 
glycemia as adjuvants to insulin or antagonists of epinephrin. The 
whole question comes down to the usual fallacy of the confusion 
between the disease, diabetes, and the mere symptom of glycosuria 
or hyperglycemia. It is like reverting to a stage of medicine in which 
all forms of fever are regarded as identical, and every means of re- 
ducing body temperature is supposed to counteract the cause of the 
fever. As long as the prostration of sugar utilization and of the 
entire normal nutrition stands as the essential characteristic of 
diabetes, no agent which merely causes glycogenolysis or h3q)er- 
glycemia can properly rank as a physiologicsd antagonist of insulin. 

II. Abnormal Lability of Diabetic Tissues. 

The fact which leads deepest into the understanding of diabetes 
is the influence of undernutrition and overnutrition. The insulin 
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consunptioD of the body is affected by the total calories of the diet 
and by the body wdght.“ The latter factor is the more surprising, 
but it is established beyond mistake that obesity conduces to bring 
on active diabetes and that patients and animals tolerate higher diets 
nwH require smaller insulin dosage at low than at high body weights. 
Totally depancreatized animals not only suffer a rapid progressive 
breakdown of their tissues, but also show a lack of power to heal 
wounds or resist infection which is not explainable by simple gly- 
cosuria, hyperglycemia or cachexia. This condition is probably 
analogous to the well-known vulnerability of the tissues of patients 
with active diabetes, as manifested by numerous infectious compli- 
cations, such as carbuncle and gangrene, and by the non-infectious 
complications, such as cataract, retinitis, arteriosclerosis, etc. Con- 
trol of the diabetes by diet, even when this involves undernutrition 
to the point of cachexia, confers practically absolute immunity against 
all complications.** Therefore, in some way, the tissues are healthier, 
with the low nutrition of inanition than with the specific malnutri- 
tion of active diabetes. The writer formerly®* brought evidence 
that the T-ang erhans hormone is concerned not only in catabolism 
but also in anabolism and the upbuilding and maintenance of the 
entire body mass. Though the storage of insulin in the body must 
be small , as proved by the quick onset of diabetes after pancreatec- 
tomy, there must be some explanation of the remarkable fact that 
an organism at a very high level of weight seems to use up actually 
several times as much insulin as the same organism at a very low level 
of weight.®* A corollary of the above hypothesis is that deficiency 
of insulin must create cMculty in building up or repairing tissue and 
a tendency to breakdown of existing tissue. The signs of impair- 
ment of resistance and nutrition in all parts of the diabetic body are 
thus easily explained. Tests of this hypothesis cannot be made 
with substances which introduce an element of cachexia or other- 
wise interfere with sugar formation, but they are to some extent 
possible with substances which tend to increase sugar formation. 
Such tests may give some indication whether the living protoplasm 
of the diabetic organism is more readily broken down into sugar 
than that of the non-diabetic organism. 
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The experiments with epinephrin in normal dogs, in partially 
depancreatized dogs without active diabetes, and in partially depan- 
creatized dogs with active diabetes, showed the following results: 

(a) In the normal animals epinephrin produced the familiar hyper- 
glycemia and glycosuria, derived evidently from the glycogen stores 
as commonly understood, and with no indication of direct sugar 
formation from protein. The total sugar excretion was small, and 
the assertion was ventured that no form of administration can be 
devised which can maintain heavy continuous glycosuria, because 
of the fatal intoxication which must quickly result from the doses 
of epinephrin required for this purpose. 

(b) The only possible contention of the upholders of glandular 
antagonisms must be that with deficiency of insulin the influence 
of epinephrin upon sugar production is exaggerated, so that heavy 
continuous glycosuria may be kept up, even at the expense of protein 
decomposition, by quantities of epinephrin which do not cause eleva- 
tion of blood pressure or toxic symptoms in the typical diabetic. 
Dogs D4-77 and E5-00 were severely diabetic, as proved by the 
low diets required to bring their diabetes under control. Dog F6-07 
had only one-eleventh of the pancreas, but sugar freedom was main- 
tained by fasting before and after the operation. Dog D4-77 re- 
ceived slow intravenous injections of epinephrin in dosage which 
produced obvious effects upon the cardiac action and blood pressure, 
though no record of these was kept. No glycosuria resulted. All 
these dogs received epinephrin by the methods which are most effec- 
tual for glycosuria, namely, subcutaneous or intraperitoneal injec- 
tions, but the glycosuria was slight and transitory, with no evddences 
of progressive tendencies or overproduction of sugar from protein. 
These experiments seem to be fairly crucial regarding the pluri- 
glandular hypothesis, because if epinephrin is a true antagonist of 
maiilin it should produce some tendency to diabetes imder these 
conditions. If it places the Langerhans tissue under strain, the few 
remaining islands should show hydropic changes. If it in any way 
inhibits or paralyzes the action of insulin, marked diabetic symptoms 
should result with such a scanty insulin supply. If it can reproduce 
the chief characteristic of diabetic glycosuria, namely the excretion 
of sugar derived from protein, this power should be plainly manifest 
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when the alleged “brake” acticm of insulin is thus weakened. The 
negative results under all these heads appear conclusive. 

(c) Absence of glycosuria may be taken as an indication that the 
organism possesses at least the minimum amount of insulin necessary 
to prevent the abnormal breakdown of its tissues to form sugar. 
Correspondingly, diabetics free from glycosuria are ordinarily im- 
mune to complications. Therefore a demonstration of an abnormal 
lability of diabetic tissues can be anticipated only with a deficiency 
of insulin sufficient to cause active s 3 nnptoms. In the actively dia- 
betic dog F6-06, epinephrin injections produced a great increase of 
both sugar and nitrogen excretion, as compared with the various 
controls; namely, F6-08 and F6-11, fasting normal or diabetic ani- 
mals without active symptoms; F6-10, a fasting normal dog receiv- 
ing adrenalin injections; F6-07, a fasting diabetic dog without active 
symptoms, receiving adrenalin injections; and F6-09, a fasting dia- 
betic dog with active symptoms without adrenalin. The increase 
of nitrogen in dog F6-06 is specially important as showing that the 
extra glycosuria represented not merely a sweeping out of preformed 
carbohydrate but an actual increase of protein destruction extending 
over a number of days. Eppinger, Falta and Rudinger reported 
an increase of glycosuria from adrenalin in a totally dq)ancrearized 
dog. A choice may be necessary between two explanations, namely 
the pliiriglandular view of an epinephrin element in diabetes, and 
the hypothesis of an abnormal lability of diabetic tissues. Regard- 
ing the first, it must be recognized that the s 3 mptoms of existing 
diabetes may be aggravated by many agencies (carbohydrate excess, 
thyroid intoxication, systemic infections, etc.) which have not the 
slightest influence as primary causes of diabetes. Also, it is believed 
that the previous experiments and discussion sufficed to eliminate 
epinephrin as a direct antagonist of insulin or a diabetogenic agent. 

In any event, the observations show that epinephrin injections 
caused an excess elimination of sugar and nitrogen in an animal 
with active diabetes, out of all proportion to the results in normal 
or potentially diabetic controls. Such experiments are open to 
different interpretations, and do not prove tmequivocally that the 
tissues with active diabetes are abnormally subject to breakdown. 
Owing to the incidental difficulties, several other attempts of this 
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kind failed and only this one series was carried through satisfactorily, 
so that confirmation in a larger number of animals is desirable. The 
results obtained, however, at least harmonize well with the other 
evidence of the role of insulin in upbuilding and maintenance of the 
body and the abnormal lability of tissues arising from the lack of 
insulin. 


CONCLUSIONS. 

1. Removal of most of the adrenal tissue of dogs did not alter the 
carbohydrate tolerance as judged by intravenous injections of ^ucose. 
The tendency to diabetes was also unaffected, apart from the influence 
to be expected from any fatal cachexia. 

2. Fat feeding created no increased tendency to epinephrin gly- 
cosiuia. A resemblance to diabetic glycosuria in this respect was 
therefore not demonstrable. 

3. Epinephrin inj'ections over a series of days failed to produce 
active diabetes in dogs which already had severe latent diabetes in 
consequence of extensive pancreatectomy. The glycosuria was only 
a trifle greater than in normal animals with the same dosage, and 
was evidently due as usual to glycogen breakdown, as no indications 
of oveiproduction of sugar from protein were found. Tendencies 
to progressiveness, or signs of functional strain in the form of vacuo- 
lation of the remaining Langerhans island cells, were also not pro- 
duced by epinephrin. 

4. The above evidence, together with much already existing in 
the literature, is interpreted as proving that epinephrin is not a 
diabetogenic agent or a physiological antagonist of insulin. 

5. In an animal with active diabetes, epinephrin inj'ections caused 
a greatly increased excretion of both sugar and nitrogen, as com- 
pared with normal or diabetic controls. The most important feature 
was the extra destruction of protein continuing over a number of 
days, indicating that the increased glycosuria was not a mere sweep- 
ing out of preformed carbohydrate. No positive interpretation is 
established, but this result harmonizes with other evidence of an 
anabolic role of insulin, which is essential for upbuilding and main- 
taining the entire body mass, and of an abnormal susceptibility to 
breakdown of the tissues with active diabetes. 
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EXPERIMENTAL STUDIES IN DIABETES. 

Series II. The Internal Pancreatic Function in Relation 
TO Body Mass and Metabolism. 

12. Diabetes and Phlorizin Glycosuria. 

By FREDERICK M. ALLEN, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research, New York.) 

The use of phlorizin is classical, both for experiments concerning 
metabolism as such, and in attempts to imitate the conditions of 
true diabetes. It was tried for the present purpose in connection 
with three questions: (1) the special lability of diabetic tissues; 
(2) the influence of phlorizin glycosuria upon diabetes; and (3) the 
comparative effects of phlorizin glycosuria and diabetes. 

1. Special Lability of Diabetic Tissues. 

The question here is the same as in the preceding paper,* namely 
whether it is possible to demonstrate a greater tendency to break- 
down in diabetic tissues than in normal tissues under the same con- 
ditions. It is known from the early literature* and from general 
experience that the glycosuria from a given quantity of phlorizin differs 
somewhat with the ready availability of glucose. The same dose, 
for example, causes greater sugar excretion in an animal on abimdant 
protein diet than on fasting, and still greater on high carbohydrate 
diet. If, therefore, the tissues break down into sugar more readily 
in the diabetic than in the normal organism, there is a chance that 
this difference might be revealed by phlorizin. 

One step consisted in comparisons between normal dogs and par- 
tially depancreatized dogs free from glycosuria. These were placed 
either on fasting or on identical diets, and then given sin^e subcu- 
taneous injections of either 1 gm. or 0.5 gm. of phlorizin suspended in 
oil. Comparisons were made of the subsequent excretion of both 
sugar and nitrogen. The reproduction of several dozen detailed 
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records may be avoided by the brief statement that no significant 
differences were found. Irrespective whether dogs have mild or 
severe diabetes, if their sugar has been thoroughly controlled by diet 
or fasting, they react to phlorizin in the same way as normal dogs 
subjected to the same conditions of nutrition. In other words, no 
increased lability of the body protein of diabetic animals is demon- 
strable by this method when the diabetes is imder control by diet. 

The results are different when active diabetic symptoms are 
present. The higher sugar excretion, as compared with normal dogs, 
is then so obvious that again most of the records may be omitted.* 
One example has already been published in another coimection.* 
It was there shown that in dog F6-02 the D:N ratios were markedly 
higher after removal of enough pancreatic tissue to produce diabetes, 
even though the animal was fed before the operation and fasting 
after it. A mere sweeping out of preexisting carbohydrate is ex- 
cluded by the corresponding increase of nitrogen which ordinarily 
occurs, indicating an acceleration of protein breakdown. Dog 
D4-60 (Table 1, below) may serve as a sufficient illustration of the 
differences of sugar and nitrogen output in the same animal accord- 
ing to whether diabetic symptoms were present or absent. Dog 
D4-49 (Table 2, below) received phlorizin only when the diabetes 
had led to a practically moribund state, and, though preformed glu- 
cose was actively eliminated as indicated by the fall of blood sugar, 
the usual increase of both sugar and nitrogen excretion was prevented 
by the cachexia. 

These findings axe summarized in this cursory manner, partly 
because they are fairly self-evident, but chiefly because they are 
inconclusive as proof of the point under consideration. Excessive 
excretion of sugar and nitrogen produced by phlorizin in diabetic 
dogs previously free from glycosuria would be strong evidence of an 
increased lability of body protein in such animals. The positive 
results in actively diabetic animals are less striking, because they 

* The chief disturbances which may cause irregular results in such experiments 
are nephritis and cachexia. The reduction of phlorizin glycosuria by renal dis- 
ease is well known. Phlorizin still causes glycosuria in the most extreme states of 
prostration;* nevertheless, the quantitative output is less with cachexia than with 
normal nutrition. 
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may be interpreted as the mere superposition of two agencies, namely 
diabetes and phlorizin poisoning, both of which tend to cause gly- 
cosuria and azoturia. It can only be said that the results resemble 
those with epinephrin,* and correspond to theoretical reasoning. 
When the diabetes is under thorough dietary control so that gly- 
cosuria and h)T)erglycemia are absent, it is rational to suppose that 
the insulin supply is adequate to prevent any abnormal tissue break- 
down. On the other hand, when deficiency of insulin is indicated 
by active diabetic s)Tnptoms, the excessive sugar and nitrogen loss 
resulting from phlorizin do not demonstrate an abnormal tissue 
lability but are at least in harmony with such an hypothesis. 

2. Influence of PIdorizin Glycosuria upon Diabetes. 

Three facts must be considered in relation to this point. 

(a) Phlorizin has no direct influence upon the islands of Langer- 
hans. It does not cause hydropic changes, or prevent such changes 
when they are in progress.^ This is merely one of many proofs that 
phlorizin poisoning is a totally different condition from true diabetes, 
so that confusion should not be created by applying the name diabetes 
to it. 

(b) It is currently accepted that moderate doses of phlorizin 
cause no increase of either nitrogenous or total metabolism in animals 
receiving adequate rations of protein or carbohydrate. In fasting, 
however, the sugar which is not supplied by food must be derived 
from the tissues, and a tremendous increase in the nitrogen excretion 
and the respiratory exchange results.^ As one purpose in this series 
of papers is to study the relation between total metabolism and 
diabetes, this behavior of phlorizin offers one opportunity. 

(c) The sugar excreted in diabetes is completely lost to the or- 
ganism in every sense. It is not burned, and has no influence on 
protein catabolism, acidosis or any other known phase of bodily 
chemistry. One of the striking differences between phlorizin 
glycosuria and diabetes is shown by the beha\dor of sugar, which 
escapes combustion but nevertheless affects the metabolism. Glu- 
cose ^ares protein in phlorizinized animals, even though the dose 
administered is quantitatively excreted.* Likewise, the ketonuria 
of fasting phlorizinized dogs is nearly or completely abolished by 
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protein feeding, even when the entire theoretical glucose content 
of the protein is lost in the urine.^ A special problem is thus created 
in relation to diabetes. Suppose that a diabetic dog is placed on a 
diet which produces glycosuria and which would therefore cause 
inevitable downward progress in the sense of progressive loss of 
tolerance; but at the same time the animal is given sufficient phlori- 
zin to cause even greater glycosuria than resulted from the diabetes 
alone. The mere absence of hyperglycemia is not a decisive factor, 
as shown by the experiments already quoted.* The glucose (whether 
from starch or protein) which is in excess of the animal’s tolerance 
must still be digested and carried through the blood, and it may 
enter into metabolism in some way indicated by the reduction of 
protein catabolism and acidosis. Do these processes constitute a 
functional demand upon the islands of Langerhans, so that the 
diabetes will still progress? Or does the specific functional demand 
consist only in the combustion of the sugar, so that phlorizin, by 
robbing the organism of more sugar than the excess contained in 
the diet, may actually furnish a means for taking the excessive diet 
without impairment of tolerance? A similar problem is presented 
in regard to the facts stated under (b). The nitrogen output and 
total metabolism of the fasting animal are greatly increased by 
phlorizin; but at the same time the sugar formed is excreted un- 
bumed and the increased metabolism accelerates the course of under- 
nutrition. Which of the seemingly opposed processes actually 
prevails? Will the increased metabolism break down tolerance, or 
will the accelerated undernutrition build it up? 

The first trials were made in fasting animals. In order to obtain 
any decisive proof of benefit from phlorizin, the attempt was made 
to choose dogs with diabetes of such severity that fasting barely 
failed to arrest it. In th6 testing of any large number of partially 
depancreatized dogs, it is not uncommon to find them at such a stage 
that the glycosuria falls to very small quantities after a few days of 
fasting, but then ceases to fall further or actually increases with 
prolongation of the fast. According to that view of diabetes which 
pays attention only to glucose, it should be a decided benefit to a 
diabetic animal to have all the glucose withdrawn from its fasting 
metabolism by phlorizin, so that it is forced to live entirely on non- 
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carbohydrate materials. Such a benefit, however, is either absent 
or too slight to be demonstrated by the method chosen. It was never 
possible to show that a diabetes could be cleared up by fasting plus 
phlorizin when it was resistent to fasting alone. 

On the other hand, experiments designed to test the harmlessness 
of phlorizin easily gave positive results. There is no doubt that 
animals, whose diabetes is controllable by fasting, respond equally 
well to the combination of phlorizin and fasting. Some impression 
was gained that this combination was more beneficial than plain 
fasting, in arresting the diabetes more rapidly or building up a higher 
tolerance. Here also definite proof of the benefit cannot be fur- 
nished, because no two animals are strictly identical and the diabetes 
in a single animal is not the same in tests performed at different 
times; also the tolerance can be judged only after the glycosuria 
from the phlorizin has ceased. It can, therefore, only be stated 
positively that the increased metabolism of fasting phlorizinized 
animals does not interfere with the control of the diabetes. This 
is an important practical point for the conduct of experiments, such 
as previously mentioned, ‘ to show that active diabetes still causes 
hydropic degeneration of islands when the blood sugar is kept at 
a low level by phlorizin. The diabetes must be sufficiently severe 
to resist the undernutrition entailed by the phlorizin program (with 
or without fasting), or else the arrest of the active diabetes will 
naturally arrest the hydropic changes. 

The effects of diet with phlorizin can be more definitely shown by 
protocols, and sample records will therefore be given, as follows: 

Dog B2-62. The operative history of this animal has been previously pub- 
lished.* On May 22, 1914, approximately two-thirds of the pancreas was re- 
moved, and subsequent glucose tests by stomach and subcutaneously showed a 
tolerance of 8 gm. per kg., sli^t glycosuria resulting from 9 gm. per kg. Sept. 9, 
phlorizin was begun in dosage of 0.5 gm. subcutaneously. The dosage was gradu- 
ally increased US high as 2 gm., sometimes given every day, and sometimes several 
days apart, in the attempt to maintain the highest possible glycosuria. The 
sugar excretion remained between 100 and 200 gm. per day. The last phlorizin 
injection was given on Nov. 18, and glycosuria ceased on Nov. 22. The dog 
had remained in excellent condition on an imrestricted diet of bread and soup, 
and the weight of 10.2 kg. was precisely the same at the be^ning and end 
of the experiment. Nov. 23, a test with 9 gm. glucose per kg. showed the same 
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tolerance as before the phlorudn period. Nov. 24 , a specimen of pancreas weir- 
ing 0.2 gm. was obtained by operation, and microscopically was foimd normal 
in islands and acini. The previous report^ of absence of influence of phlorizin 
upon the islands of Langerhans is supplemented by this observation of un- 
changed tolerance and unchanged histologic appearances. 

Dog B2-63 was also mentioned in a former publication. * Operation on May 22, 
1914, left a remnant estimated at 1/6 to 1/7 of the pancreas. For a time glyco- 
suria could be maintained by bread diet with addition of 300 or 400 gm. of glucose 
daily, but by Aug. 3 the dog refused glucose, glycosuria ceased, and the attempt 
to break down the tolerance by diet had deflnitely failed. The diet was then 
changed to bread and soup without glucose, and phlorizin was begun in dosage 
of 1 or 2 gm., sometimes (My and sometimes with a day or two between injections. 
Glycosuria of 100 to 200 gm. daily was thus maintained. Pancreatic tissue weigh- 
ing 1.32 gm. was removed by operation on the afternoon of Nov. 6, after an in- 
jection of 2 gm. of phlorizin that morning. The last phlorizin injection was given 
on Nov. 14, and glycosuria ceased on Nov. 18. The dog remained in excellent 
condition and gained weight slightly, from 23.5 kg. at the beginning of the 
phlorizin period to 23.9 kg. at its close. 

The further record is given in the previous publication.® The dog^s condition 
was one of extremely mild but permanent diabetes, which slowly became more 
marked during several months of subsequent carbohydrate feeding. This result 
is abundantly explained by the amount of pancreatic tissue removed. An even 
greater effect might have been anticipated had the operation of Nov. 6 been per- 
formed before the phlorizin period; therefore, a slight gain of tolerance during this 
period may be suspected. The tissue removed on Nov. 6 was normal in acini 
and islands, again illustrating the absence of effect of phlorizin upon the pancreas. 

The conditions of this experiment required the dog to eat enough 
bread to maintain his nutrition and to supply in addition an excre- 
tion of 100 to 200 gm. of glucose daily in the urine. The question 
was whether the extra carbohydrate ingestion under these circum- 
stances would overload the insular function in an animal so close to 
the verge of diabetes. The answer was in the negative. 

Dog D4-60, a large male Irish terrier mongrel, in medium condition at a weight 
of 19^.3 kg., was partially depancreatized on Dec. 14, 1916. The tissue removed 
weighed 42.5 gm., and the remnant left about the xnain duct was estimated at 
3.7 gm. (1/12 — 1/13). The resulting severe diabetes was kept imder partial con- 
trol by diet, while tests showed that 500 gm. of beef-lung sufficed to cause glyco- 
suria, and the feeding of 800 gm. caused glycosuria of about 20 gm. daily for 3 
days. Beginning Dec. 21, phlorizin was administered in occasional small doses as 
shown in Table 1. The dog was not catheterized, but the irregularities in the 
daily urinary analyses due to irregular voiding do not interfere with the purpose 
of the experiment. 
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The experiment was planned for trial of a group of opposed factors. 
The diet was constantly in excess of the known tolerance, but phlori- 
zin robbed the body of more sugar than would have been excreted on 
accoimt of the diabetes alone. This sugar was entirely derived from 
protein, excq)t toward the latter part of the experiment when starch 
was added to burden the tolerance still more severely. Under these 
circumstances, would the dietary excess, the formation of sugar from 
protein, etc., break down the tolerance or would the loss of sugar, 
due to phlorizin, protect the tolerance? Also, the diet was chosen 
from general experience as being something near a maintenance 
ration for a dog of this size, but the phlorizin caused a loss of weight 
comparable to what occurs in fasting. Under these circumstances 
it is improbable that any reduction of metabolism occurred, and 
it is even possible that the total energy exchange was somewhat 
increased. In other words, by this device the reduction of weight 
characteristic of fasting was obtained without the characteristic 
reduction of metabolism. Would there thus be a benefit to the 
tolerance like that produced by fasting, or not? 

These questions could be definitely answered, because an over- 
feeding program of this duration (Dec. 18 to Jan. 11) in a severely 
diabetic dog possessing only one-twelfth or less of the pancreas will 
certainly cause a marked aggravation of the diabetes, so that ordi- 
narily the glycosuria will no longer be controllable by fasting. The 
last injection of phlorizin was given on Jan. 10. The glycosuria 
persisted unusually long, and did not cease until Jan. 20, but the 
plasma sugar was constantly below 0.1 per cent., showing that the 
phlorizin was still responsible. Meanwhile, following Dec. 11, 
the protein ration was reduced successively to 300, 200 and 100 gm. 
of lung, while 200 gm. or more of suet was given daily in order to 
prevent further undemutrition as far as possible. Normal urine 
and blood sugar continued with increasing diet after Jan. 20. Jan. 
25, the diet was 500 gm. lung and 200 gm. suet. The plasma sugar 
was 0.113 per cent, before feeding, and rose only to 0.172 percent, 
after feeding, while glycosuria remained absent, demonstrating a 
hi gher tolerance than before the phlorizin period. Glycosuria 
continued absent on 800 gm. lung daily with variable quantities 
of suet, while the body weight rose from a minimum of 13.5 kg. 
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to 14.5 kg. On Feb. 5, the plasma sugar before feeding was 0.094 
po: cent, and 6 hours after feeding was 0.139 per cent, though this 
single determination may not have rq>resented the maximum. 

The entire experiment up to this point conforms to the rule that 
the tolerance of the diabetic organism is higher when the weight is 
reduced. This gain of tolerance was obtained on an actually exces- 
sive diet, merely by employing phlorizin to dq)rive the body of the 
surplus sugar. The benefit of fasting and reduction of weight was 
thus achieved without fasting and probably without the accompany- 
ing reduction of metabolism. 

Probably a number of persons have had some idea of using phlori- 
zin in the clinical treatment of diabetes. The experimental evidence 
indicates that its use might be feasible in a certain way, by enabling 
the patient to take a somewhat larger diet while preventing harm 
to the tolerance by means of this artificial withdrawal of sugar from 
metabolism. A practical application was never attempted, because 
of the greater danger of acidosis in human patients than in dogs, 
and because it appears unwise to create a pathological state, such 
as phlorizin poisoning, for no better purpose than a possible gratifi- 
cation of appetite. 

Following Feb. 7, the experiment was continued for another purpose, namely, 
the comparison between the action of phlorizin in the later period, when diabetes 
was only latent, with its action in the earlier period when there had been active 
diabetes. Accordingly, the exact program of diet and phlorizin was duplicated, as 
shown in Table 2. The animal in the latter period behaved like a normal dog, 
showing lower D;N ratios and much lower quantities of excreted sugar and 
nitrogen than in the earlier period. This result is one of those di.scussed under 
section (1) above. 

3. Comparative Effects of Diabetes and Piilorizin Glycosuria. 

Acidosis was slight both in dog D4-60 and in dog D4-49, described 
below, and the differences were unimportant. A later publication 
(Series V, No. 5) will discuss the peculiarities of acidosis under such 
circumstances, and also add illustrations of the present topic. 

Visible lipemia was absent or trivial in both of these animals. As 
previously mentioned,** however, the intense lipemia of some dia- 
betic dogs and patients is never duplicated in phlorizin poisoning; 
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and though lipemia is not directly related to the insular function, 
the tendency to it constitutes another difference between diabetes 
and phlorizin glycosuria. 

Totally depancreatized dogs are well known to lack the power of 
healing wounds or resisting infection to a remarkable degree which 
seems to be specific to the loss of pancreatic function, for it is not 
equalled in any other known condition. Partially depancreatized 
animals recover well from aseptic operations (except cats, which are 
strikingly deficient in wound healing when nine-tenths or more of 
the pancreas is removed). Dogs and other species, however, in 
the later cachectic stages of the diabetes following partial pancreatec- 
tomy often show a tendency to ulcers and other infections which 
apparently are analogous to clinical diabetic gangrene. None of 
these phenomena are explainable by loss of sugar. “Totally” 
phlorizinized dogs, though showing higher D:N ratios and higher 
absolute excretion of sugar than totally depancreatized dogs, with- 
stand operations without anything resembling the prostration of 
healing and resisting power. Hyperglycemia, or the old idea of 
“sugar-soaked tissues,” is likewise not an explanation, for normal 
animals subjected to prolonged excess of sugar show no such effects,** 
and the condition of depancreatized animals is not helped by phlori- 
zin. Diabetic animals are peculiarly suscqjtible to phlorizin, in 
the sense that their blood sugar is reduced by surprisingly small 
doses. Illustrations are furnished in a previous paper^ by the effects 
of doses as low as 0.2 or 0.3 gm., two or three days apart in the dia- 
betic dog E5-99. Contrary to what might be expected, the plasma 
sugar was reduced lower in dog D4-60 (Table 1, above) by the same 
phlorizin dosage in the early period with active diabetes than in the 
later period with lower body weight and quiescent diabetes. It is 
similarly possible to control the hyperglycemia of totally depancrea- 
tized dogs by harmlessly small doses of phlorizin but there is not 
the slightest improvement in the healing or resisting power. This 
fact should arouse reflection in those who regard diabetes as nothing 
but a lack of glucose utilization. 

Under such a doctrine, it also seems inexplicable that a totally 
depancreatized dog, if kept free from peritcmitis, should still die 
within one or two weeks, when acidosis is absent or trivial and the 
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animal ^ould theoretically be able to live on non-carbohydrate 
materials until emaciated to a much greater degree than is found at 
autqpsy. The asthenia of the diabetic dog also seems much more 
pronounced than that of a fasting phloiizinized dog under similar 
Conditions. Investigators are mostly familiar with “totally” phlori- 
zinized fasting animals, with the heavy drain upon their nutrition 
and with acidosis frequently severe. But if the doses of phlorizin 
are so chosen as merely to duplicate the glycosuria and acidosis of a 
depancreatized dog, the difference in strength is made more striking. 

Depancreatized birds are known commonly to excrete little or no 
sugar, but will probably be foimd to die more quickly than phlori- 
zinized birds which have greater glycosuria. Also occasional dogs 
from unknown causes excrete extraordinarily little sugar after total 
pancreatectomy, but do not live longer on this account. Further 
studies of tiie respiratory quotients in such dogs or in birds may 
be useful. The symptoms and death following pancreatectomy 
suggest the possibihty that combustion of foods to the normal end 
products is not necessarily synonymous with normal or beneficial com- 
bustion. It is conceivable that the former may occur without insulin, 
while insulin may be indispensable for actually normal physiological 
combustion of protein, carbohydrate and fat. The direct participa- 
tion of insulin in total metabolism is one possible hypothetical expla- 
nation why animals are so much worse off when deprived of insulin 
than when merely deprived of carbohydrate. 

A further experimental opportunity seems to be offered by par- 
tially depancreatized dogs, which are able to digest and absorb 
food satisfactorily. A severely diabetic animal typically emaciates 
in spite of utmost eating and dies with profound weakness and ca- 
chexia. Suppose that a non-diabetic animal is placed on the same 
diet and given such phlorizin dosage as will duplicate the glycosuria, 
acidosis and any other known chemical abnormalities. Will there 
be a similar progressive impairment of health and ultimate death? 

Several attempts were made to answer this question by parallel 
observations of diabetic dogs and normal controls treated with 
phlorizin, but many mishaps can arise to spoil e^q^eriments of such 
a character and duration. The most complete result was obtained 
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in an experiment with dog D4-49, for which dog D4-60 served as a 
control. Here the most extreme possible conditions were chosen, 
in two respects. First, both dogs were partially depancreatized, so 
as to equalize digestive conditions as far as possible; and as the 
diabetes in dog D4-49 had been brought on partly by inflammation, 
the pancreas remnant was larger than in dog D4-60 and it was hoped 
the digestion would be correspondingly better. Second, the control 
dog, D4-60, was actually diabetic, and, as explained under section (2) 
above, the diabetes had merely been controlled and converted into 
a different form of glycosuria by means of phlorizin. Could this 
difference be further demonstrated by the different influence upon 
the animal, even when the quantities of sugar and nitrogen lost 
were similar? 

The operative record of dog D4-49 was previously published.*^ He was some- 
what stronger and heavier than dog D4-60, and weighed 24 kg. on Nov. 24, 1916. 
On this date 28.5 gm. of pancreatic tissue was removed, leaving the body of the 
gland, estimated at IS gm. Glycosuria remained absent until the pancreas rem- 
nant was traumatized by crushing in a second operation on Dec. 7. The dog was 
then unwell and free from glycosuria on account of nearly complete fasting until 
Dec. 12. With return of appetite and spirits, the eating of considerable bread 
on that day brought on heavy glycosuria. This continued on a diet of bread and 
meat, until on Dec, 22 the dog was placed on carbohydrate-free diet for exact 
comparison with dog D4-60. Owing to the anorexia, this dog had lost more 
weight than dog D4-60 up to this point, but nevertheless at the beginning of 
the parallel test dog D4-49 showed distinctly the better strength and general 
condition of the two. 

The pancreatic islands of dog D4-49 were evidently profoundly injured by the 
inflammation, for they quickly succumbed to hj^dropic degeneration and at 
autopsy only rare disappearing remains were found. Correspondingly, the dia- 
betes was not far from ‘‘total,” as indicated by the D:N ratios (Table 3). The 
operative wound healed smoothly, but the decline of weight and strength was 
almost as rapid as after total pancreatectomy. The prostration rapidly became 
extreme, and unusually early death occurred in profound asthenia on Jan. 11, while 
dog D4-60 was still in fair strength and spirits. Two days before death (Jan. 9), 
dog D4-49 was given an injection of 0.3 gm. of phloririn, which reduced the blood 
sugar but did not alter the moribund state. 

Comparison of Tables 1 and 3 shows that the urinary sugar and 
nitrogen and D:N ratios of dog D4*49 were fairly comparable with 
those of the first period of dog D4-60, and the differences in the 
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clinical course are not explainable by any excess of excretion on the 
part of the former dog. Also, the degree of acidosis was unimpor- 
tant in both animals. The plasma bicarbonate, which had been 
normal, fell to 36.6 volumes per cent, in dog D4-49 before death, 
but there were no symptoms resembling coma, the total acetone of 
the plasma was too low to be compatible with such a diagnosis, and 
the reduction of blood alkali was therefore evidently nothing but a 
perfectly familiar antemortem occurrence. 

Totally depancreatized dogs seem to die before reaching a degree 
of emaciation equal to that.of normal animals which starve to death. 
But in dog D4-49 and other partially depancreatized dogs, the loss 
of weight may be sufficient to account for death. Dog D4-60 weighed 
only 13.3 kg. at the close of the second phlorizin period and was stiU 
far from a dangerous condition. Also, the question is still open 
why a diabetic dog should be weaker than a phlorizinized dog when 
the weights are similar. Nevertheless, it must be recognized that 
dog D4-49 lost more weight both absolutely and relatively than the 
control, and the fatal weakness is at least very largely thus explained. 

The diets of the two animals were identical. The feces of both 
were saved, but circumstances prevented the analyses for nitrogen 
and fat which had been planned. From the gross appearances it 
could be inferred that the digestive power of both was closely similar 
at the outset, but toward the close there may have been progressive 
failure of digestion in dog D4-49, and this may account for the falling 
of his urinary nitrogen. This point, however, is not essential. Only 
respiration tests could prove whether the more rapid wasting of 
the diabetic dog is due in any degree to a higher metabolism. It 
would not be surprising if the general failure of bodily powers in a 
diabetic animal should include a failure of digestion and absorption, 
and this difference from a phlorizinized animal will be significant 
if it is constant. The general experience with other observations 
of this kind, which were not sufficiently complete to report in detail, 
gives the impression that the difference is constant Dogs receiving 
adequate rations of carbohydrate or protein can apparently endure 
phlorizin glycosuria almost indefinitely without serious harm, while 
diabetic dogs with similar nitrogen and sugar excretion weaken and 
die. These observations agree with other evidence of a fundamental 
difference between the two conditions. 
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SUAQIARY AND CONCLUSIONS. 

1. Partially depancreatized dogs whose diabetes is controlled by 
diet react to phlormn like normal animals. Dogs with active dia- 
betes respond to phlorizin with exaggerated sugar and nitrogen ex- 
cretion. This bdbavior is in harmony with the idea of an abnormal 
tendenqr to tissue breakdown when insulin is lacking, though it 
does not prove this h 5 rpothesis. 

2. When, under suitable conditions, diabetic animals are given 
a diet in excess of the tolerance, but at the same time are robbed 
of the excess sugar by means of phlorizin, no impairment of the 
tolerance results. The loss of weight caused by phlorizin actually 
raises the tolerance, like ordinary undemutrition. Three deduc- 
tions are warranted by these experiments: 

(a) Phlorizin does not injure the islands of Langerhans. 

(b) The digestion and absorption of either carbohydrate or pro- 
tein, the formation of glucose from protein, the transportation of 
sugar in the blood and its excretion by the kidneys create no demon- 
strable demand upon the insular function. This demand seems to 
arise only from the combustion or storage of sugar or other food. 

(c) The rise of tolerance which characteristically accompanies a 
fall of body wdght seems to be obtainable without a reduction of 
metabolism, since the metabolism during phlorizination probably 
does not fall and perhaps rises. The benefit of undemutrition would 
therefore seem to consist chiefly in the reduction of body mass. This 
agrees with other evidence that the maintenance of the entire body 
mass somehow constitutes a load upon the insular function. 

3. Totally depancreatized dogs show loss of healing and resisting 
power, asthenia, and death before a state of utmost emaciation is 
reached. Fasting dogs receiving sufficient phlorizin to produce an 
equal excretion of sugar and m'trogen remain in far better condition. 
Likewise, partially depancreatized dogs weaken and die with active 
diabetes, while phlorizinized controls receiving the same diet and 
excreting similar quantities of sugar and nitrogen survive. Hyper- 
glycemia does not explain the differences, for phlorizin fails to save the 
diabetic dogs, and in this connection it is noted that surprisingly 
small quantities of phlorizin suffice to cause hypoglycemia in dia- 
betic animals. Three further conclusions are suggested: 
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(a) Phlorizin poisoning is a radically different condition from 
diabetes. The word diabetes is long and thoroughly established 
as the name of the condition which results from deficiency of insulin. 
It therefore appears confusing and scientifically unjustifiable to 
apply this name to a wholly different condition. 

(b) Diabetic symptoms and death are not explainable wholly 
by the loss of sugar. Animals are much worse off when deprived 
of insulin than when merely deprived of carbohydrate. 

(c) All the evidence seems to characterize diabetes not as a mere 
deficiency of sugar metabolism but as a specific defect of the total 
bodily nutrition. 
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THE QUESTION OF SENSITIZATION OF JOINTS WITH NON- 
HEMOLYTIC STREPTOCOCCI. 

By homer F. swift, M.D., and RALPH H. BOOTS, M.D. 

{From the Hospital of The Rockefeller InstittUe for Medical Research,) 

(Received for publication, April 6, 1923.) 

These experiments were planned in an attempt to substantiate the 
hypothesis that the arthritis of acute rheumatic fever is the result 
of a preliminary specific sensitization of the joints by non-hemolytic 
streptococci. This h 3 rpothesis has been advanced by both Herry (1) 
and Faber (2), and accepted by certain authors as the most probable 
explanation of the peculiar type of inflammation found in the joints of 
patients with this disease. 

Herry claims that the peculiarity of the rheumatic lesions is due to an ^*endo- 
ioxine rhumatismale^* which, he states, he was able to prepare from streptococci 
grown on solid media by a process of drying, grinding, and extracting with normal 
saline, and finally removing the bacterial bodies by centrifugalization. He states 
that the extract from 2 mg. of streptococci was fatally toxic for rabbits, and that 
the introduction of a few drops of clear extract into the joints of rabbits sensitized 
these structures so that intravenous inoculation of the animals with homologous 
streptococci after 8 to 15 days was constantly followed by arthritis in the sensi- 
tized joints. 

In view of the difl&culty experienced by most workers in obtaining endotoxins 
from any t}T)e of streptococci, the claim of Herry that he could produce a power- 
ful toxic substance from a small amount of non-hemolytic streptococcus culture 
is most surprising. Faber, indeed, was unable to repeat successfully his experi- 
ments; and we have likewise failed to obtain an endotoxin from these cocci. 
Faber, on the other hand, reported that by injecting rabbits^ knees with killed 
cultures of non-hemolytic streptococci these joints were rendered more liable to 
involvement following subsequent intravenous inoculation with homologous 
living microorganisms. He, unfortunately, does not state whether the “sen- 
sitiz^ joints” were the only joints involved. Because preliminary injection of 
rabbits’ knees with killed pneumococci or typhoid bacilli did not render these 
structures sensitive to a subsequent intravenous inoculation of the animals with 
non-hemolytic streptococci, he claimed that ‘‘this preparatory or sensitizing 
process is, within narrow limits, a strictly specific one.” It should be pointed 
out that in his experiments arthritis did not occur in animals first injected 
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into the joints with killed pneumococci or typhoid bacilli and subsequently 
inoculated intravenously with homologous living bacteria* If the pneumo- 
coccus-treated animals are eliminated from his protocols, cross-sensitization 
was obtained in only two out of four rabbits instead of two out of ten.^ 
This makes it appear that the so called $ensUi%ation in his experiments was 
the production of a local lesion which upon healing left a locus minoris 
resisientuB, a place favorable for the localization of bacteria having a ten- 
dency to produce joint lesions. When pneumococci or typhoid bacilli, hav- 
ing little tendency to produce arthritis, were inoculated intravenously into 
rabbits with joints previously mjected this locus minoris resistentics was not 
made evident. This seems to us the most probable explanation of Faber’s ex- 
periments. It is not sufficient, however, to explain the fact that his rabbits 
inoculated intravenously three times with “Streptococcus 7” had arthritis more 
frequently than those inoculated only once or twice. We think it most probable 
that small areas of inflammation were set up in the joints of rabbits following the 
first or second inoculation, and that these small lesions produced points of les- 
sened resistance. Then, if another strain of streptococci had been used for the 
third inoculation, joint lesions would have been expected with the same frequency 
as if the homologous strain had been introduced. 

Another way to determine this point would be to inject the right 
knees of several rabbits with one strain of streptococci and the left 
with another, and subsequently to inoculate half of the animals 
with one of the strains and the remainder with the other. If arthritis 
occurred only in the knees of animals in which the same strain was 
used for both intraarticular injection and intravenous inoculation one 
might conclude that specific joint sensitization had been induced. If, 
on the other hand, arthritis occurred in both knees or in other joints, 
the probability that specific sensitization had taken place would be 
seriously doubted. In this manner we attempted to elucidate the 
question. 

EXPERIBIENTAL. 

Method. 

In all instances the experimental animals were brown rabbits weighing 1,200 
to 2,000 gm. The hair over the knees was clipped closely so that the bony promi- 
nences could be easily recognized and the joints minutely in^>ected. In order to 
have a more accurate record of the degree of swelling of the knees these joints 
were measured daily as follows: the widest distance between the internal and 
external condyles of the femora, and the broadest portion of the upper end of the 


1 Faber (2), Table VI. 
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tibue. As these measurements were over bony prominences it was fairly easy to 
have them comparable from day to day. They were made with special calipers 
having a vernier scale reading to 0.1 mm. It may be thought that such measure- 
ments are too fine for practical purposes and that conclusions based on them are 
liable to be faulty, but considerable preliminary work satisfied us that repeated 
measurements on normal animals are constant to within 0.2 to 0.5 mm., and 
frequently there is practically no variation; hence it seemed justifiable to record 
the degree of joint injury in this manner. Notes were also made of redness, 
swelling, heat, and stiffness. The last symptom, when occurring early, was 
regarded as a measure of pain; when occurring later, as an indication of the 
amount of permanent injury. For the first 5 or 6 days following the intraarticular 
injections the animals were inspected daily, then every 2nd day for about 10 
days, and subsequently twice a week until they were inoculated intravenously; 
then daily inspections were resumed. 

In the first three experiments, after preliminary measurements of the knees, 
these joints were injected with killed streptococci in the amounts indicated in 
the protocols; the suspensions were prepared as follows: The centrifugates of 
18 to 24 hour broth cultures of the cocci were suspended in normal saline and 
heated i hour at 56®C., then tested by plating to insure sterility. The suspen- 
sions were so diluted that 0 5 cc. contained the desired amount of streptococci. 
Most of the joints were injected with an amount corresponding to 0.5 cc. of the 
original broth culture, as it had been determined in previous experiments that 
this amoimt of heat-killed, non-hemolytic streptococci could be injected into 
the knee joints of rabbits without demonstrable permanent damage. The in- 
jections were made according to the method described by Faber; the needle was 
passed in a proximal direction through the middle of the patellar tendon until 
it was felt to slip into the bursa under the patella; the suspension was then slowly 
introduced, a small amount withdrawn into the syringe by suction and reinjected 
(piston test) in order to be sure that the needle was properly placed; the needle 
was then quickly withdrawn to prevent leakage into the periarticular tissue. 
When it was certain that the bacteria had been injected into this tissue the animals 
were discarded. The bacteria for intravenous inoculation were usually grown 
for 18 hours in 10 per cent rabbit serum broth, centrifugalized, and resuspended 
in sterile Ringer’s solution. Except with the first culture of Strain Z75, the strep- 
tococci had been recently passed several times through rabbits* knees in an 
attempt to increase their virulence. 

The streptococci were all isolated from blood cultures of patients with rheuma- 
tic fever, were typical viridans strains possessing different biochemical and im- 
munological characteristics, and had decreasing degrees of virulence as follows: 
A49, A13S, 38D, and Z75. 

At the postmortem examination the degree of joint involvement was noted, 
and films from all the joints were prepared and examined microscopically. In 
some instances there seemed to be an increased amount of clear fluid, but films 
revealed no exudation of cells; hence these joints were considered normal. Four 
degrees of inflammation were distinguishable. 
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Degree. 

Grm eppeansce. 

+-I-+ 

YeQow, turbid, purulent fluid. 

++ 

Gray, cloudy or hazy fluid. 

+ 

Incieaaed dear fluid. 

± 

Normal amount, dear fluid. 


Mkroioopic appetrance. 


Marked increase of exudative ceils. 

Distinct to marked increase of exudative 
cells. 

Distinct increase of exudative cells. 

4i it t< ti it 


Except in Experiment 4, half of the rabbits received aodhun salicyl- 
ate by stomach tube from the day previous to intravenous inoculation 
until the time of death. This was done to study the effect of salicyl- 
ates upon possible joint sensitization, for if bacterial sensitization is 
the important factor in determining the localization of rheumatic 
arthritis it would seem probable that salicylates would exert a profound 
antiarthritic influence. In another communication (3) we have shown 
that sodium salicylate apparently decreases the intensity of the 
arthritis in some rabbits inoculated intravenously with non-hemolytic 
streptococci. 

If one considers only the knee involvement among the animals in 
Experiments 1 and 2, here reported, it would seem as though the salicyl- 
ates might have exerted an inhibitory influence upon joint sensitiza- 
tion; but consideration of all the inflamed joints makes this less 
probable. 

Explanation of Text-Figures— The upper line for each knee shows the change 
in the measurement of that joint through the condyles of the femur; an upward 
direction of the line indicates inaease, a downward direction, decrease. The 
lower line for each knee shows a change in measurement throu^ the broadest 
portion of the upper end of the tibia; but here a downward direction of the line 
indicates an increase, and an upward direction, decrease. The area between 
these two lines indicates, therefore, the variation in the size of the knees. Broken 
lines indicate that no measurements were made on that day. 

In each chart the blank space between the two periods of observation indi- 
cates that this was the last day of the “mtraarticular period” and the first of 
the “intravenous.” 

R. K. indicates right knee; L. K., left knee; other joints are deagnated in a 
similar manner by the initial of the side and joint. 
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Text-Fig. 1. Measurements of knees following intraarticular injection and 
intravenous inoctilation. The arrow indicates the day on which the animals 
received an intravenous inoculation of the sediment of 9.3 cc. of Streptococcus 
38D/4/2. 
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SENSITIZATION OF JOINTS WITH STREPTOCOCO 


Experiment 1 . — ^The knee joints of eig^it rabbits were injected with the sedi- 
ment of 0.5 cc. of broth culture of killed streptococci as follows: ri^t, with Strain 
38D/3/4;* left with Strain A49/8/4. The animals were observed for 4 weeks, 
when it was evident that the inflammation resulting from the intraarticular in- 
jection had entirely subsided. 17 da 3 rs after this first injection, Rabbit R-27 
died, evidently from an intestinal infection; both knees appeared normal, and the 
synovial fluids were free from cellular exudate. This confirms the conclusion 
derived from clinical observation of the knees, that the injury resulting from the 
introduction of killed streptococci into them did not persist more than 3 weeks. 
Salicylate treatment was started with Rabbits K-21, R-23, K-25, and K-28 on 
the 27th day, and on the next day each of the seven surviving animals was in- 
oculated intravenously with the sediment of 9.3 cc. of serum broth Culture 
38D/4/2. The animals were then inq>ected dafly until the 7th, 8th, or 9th day 
when they were sacrificed and autopsied. Films and cultures were made of all 
the joint fluids (Text-fig. 1). 

Text-fig. 1 shows graphically the reaction of the knees following 
both the intraarticular injections and the intravenous inoculations 
and also the degree of inflammation in all abnormal joints at the time 
of autopsy. Although the animals responded differently to the intra- 
articular injection, each animal showed a similar amount of swelling in 
the two knees. It seems evident, therefore, that the two strains of 
streptococci, when killed, were equally irritating. This is noteworthy 
when compared with the results obtained from inoculating the two 
strains intravenously ; Strain A49 is much more virulent than Strain 38D . 
They have different fermentation reactions and are distinct immuno- 
logically. One would think, therefore, that if joints were specifically 
sensitized by having previously reacted to one strain, the intravenous 
inoculation with that strain would always result in a recurrence of 
arthritis in that joint, and the opposite knee having previously reacted 
to the other strain would remain free from a second reaction. This 
expected result, however, was not obtained in this experiment. Rabbit 
K-21, dying 2 days after the intravenous inoculation from a Gram-nega- 
tive bacillus infection, showed no evidence of involvement of either knee, 
but had slight arthritis in both elbows. Ajnong the six a nim als sur- 
viving the full period of the experiment there were three inflamed 

‘ The first figure indicates the strain of strq>tococcus; the second, the number 
of passages through rabbits’ joints; and the third, the number of subcultures 
since the last animal passage. 
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ri^t knees —the joints injected mth the same type oi bacteiia sub- 
sequently used for intravenous inoculation; there were also two in- 
flamed left knees, — ^the ones previously injected with the other strain; 
and, in addition, there were twelve other inflamed joints among these 
animals; also one joint, showing no cellular reaction, from which a 
pure culture of Streptococcus 38D was grown; this must be considered 
evidence of bacterial invasion of the ankle in this rabbit (No. K-23). 
In the seven animals, twenty joints were, therefore, involved, but only 
three of these were previously injured with the same type of streptococ- 
cus that was used for intravenous inoculation. Four knees so injured 
failed to show any abnormalities post mortem. The knees of one 
animal (No. K-25) appeared slightly stiff for 3 days after the intraven- 
ous injection; this stiffness was thought to be a residuum from the 
inflammation following the initial joint injury. Both knees of this 
rabbit showed a marked reaction to the intraarticular injection, but 
the left, first injured by Streptococcus A49, was the one invaded fol- 
lowing the intravenous inoculation with Streptococcus 38D, and three 
other joints of this animal were also acutely inflamed. Rabbits 
K-22 and K-23 might be cited as examples of specific joint sensitiza- 
tion if only the knees were considered, but the involvement of three other 
joints in each animal renders this position untenable. 

There seemed to be slight, if any, relationship between the amount of 
gross reaction following the initial joint injiuy and the subsequent 
localization of the living bacteria. By this we do not mean to imply 
that severe injury to a joint would not be a factor in determining 
localization of microorganisms in that joint, but rather that the 
amount of local injury resulting from the intraarticular injection 
in the rabbits was too slight to have unfavorably influenced the react- 
ing power of the knees. It is probable that only by producing such 
slight injuries is it possible to study the question of bacterial joint 
sensitization, for if more severe trauma were inflicted a locus rnmoris 
resistentve would result and doubtless favor the localization of many 
types of microorganisms circulating in the blood stream. 

The cultures from the synovial fluids of all the joints were sterile, 
with the exception of those from the ri^t knee and the left ankle of 
Rabbit K-23. The upper half of the ri^t tibialis anticus, and extensor 
longus digitorum muscles of this animal were markedly inflamed and 
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SENSITIZATION OF JOINTS WITH STMCPTOCOCa 


yielded a small amount of purulent material on incision. These find* 
ings indicate that the animal had comparatively little natural resis- 
tance to the infection. 

Experiments 2 and 3 serve as controls for one another in that the 
animals received intraarticular injections of the same streptococci: 
Strain Z75 in the ri^t knees, and Strain A135 in the left; in half the 
animals the sediment of 0.5 cc. of broth cultture of Streptococcus Z7S 
and 2 cc. of Streptococcus A135 were used; in the other half the 
amounts of these two streptococci were reversed. Two animals 
(Nos. K-57 and K-59) were controls in both e^riments; their knee 



Text-Fig. 2. Measurements of knees of control animak following 
intraarticular injection with Streptococcus Z75 and Streptococcus A135. 

joints were injected in the same manner as in the others and observed 
for 39 days; then the rabbits were sacrificed and the joints found to 
be normal (Text-fig. 2). In these two rabbits the knee receiving the 
larger amount of culture showed the greater reaction, which would be 
expected; but both knees of many of the animals in the two experi- 
ments showed reactions of similar intensity. 

Expmment 2 . — ^The knees of eight rabbits were injected, and observed for 
36 days, when it was co’tain that they had recovered from the local injury. On 
the 35th day half the animals (Nos. K-48, K-49,' K-52, and K-53) were given 
0.2 gm. of sodium salicylate per kilo of body weight; this treatment was continued 
until the termination of the experiment. On the 36th day all the rabbits were 
inoculated intravenously with the sediment of 50 cc. of broth Culture Z75/0/11; 
7 days later none showed any evidence of joint involvement, so they were rein- 
oculated with the same amount of Culture Z75/1/2; 8 days later they still fafled 
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Text-Fig. 3. Measurements of knees following intraarticular injection and 
intravenous inoculation. The arrows indicate the days on which the animals 
received intravenous inoculations of (a) the sediment of 50 cc. of Streptococcus 
Z7S/0/11, (b) the sediment of 50 cc. of Streptococcus ZlSIlIl^ and (c) the 
sediment of 50 cc. of Streptococcus Z75I3I2, 
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to show any effect from the two inoculations, so were similarly inoculated with 
50 cc. of Culture Z75/3/2. 3 <htys later all ^qpeared wdl and dinically ftee from 
joint lesions; they were sacrificed and examined in the usual manner. The re- 
sults are ffiown in Text-fig. 3. 

Although most of the injected knees showed some degree of reaction 
following local injtuy, none gave any evidence of arthritis following three 
intravenous inoculations of the animals with large amounts of Strepto- 
coccus Z75. Among the eig^t rabbits, only four jointawere found to 
be definitely diseased. This proved, however, that the inoculum, in 
the large amounts employed, was sufficient to incite arthritis. The 
primary injury produced in the right knees of all the animals by injec- 
tion of this coccus would seem to furnish perfect conditions for the 
demonstration of specffic joint sensitization. The observation that 
rabbits have more arthritis following repeated intravenous inocula- 
tions with non-hemolytic streptococci of low virulence is claimed by 
Faber to furnish further proof of joint sensitization. Both of the 
above mentioned conditions, viz. intraarticular injection of cocci and 
repeated intravenous inoculation, were fulfilled in this experiment 
without any evidence of such sensitization. It will be noted that the 
salicylated animals had fewer abnormal joints than the non-salicyl- 
ated; this may be advanced as an argument in favor of eliminating 
these four animals from consideration, but lack of inflammation in 
any of the knees of the other four animals, and the results with salicyl- 
ated animals in other experiments seem of sufficient weight to war- 
rant the inclusion of all in this report. 

ExperimetU 3 . — Eight animals were used in this experiment; the knees were 
injected in the same manner and with the same cultures as those of Experiment 2. 
On the 35th day half of them (Nos. K-50, K-51, K-54, and K-55) were started 
on sodium salicylate. On the 36th day all were inoculated intravenously with 
the sediment of 30 cc. of serum broth Culture A135/2/2. The following day two 
of the salicylated rabbits (Nos. K-54 and K-55) died; the rest survived for 7 or 
8 days, when they were sacrificed and examined as usual. The results are shown 
in Text-fig. 4. 

Streptococcus A13S was much more virulent than Streptococcus 
Z75 and, therefore, furnished another type of experimental condition. 
Zn the entire group there were forty-five abnormal joints, an average 
of 5.6. The two rabbits (Nos. K-S4 and K-55) dying the day after 
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Text-Fig. 4. Measurements of knees following intraarticular injection and 
intravenous inoculation. The arrow indicates the day on which the animals 
received an intravenous inoculation of the sediment of 30 cc. of Streptococcus 
A13S/2/2. Rabbits K-S4 and K-55 died the following day. 
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the intravenous inoculation had eleven inflamed joints, an average 
practically the same as that which prevailed in the surviving group, 
so it seems justifiable to include them in the general discussion. All 
the knees injured by intraarticular injection seemed to have recovered 
completely by the end of the 3rd week; at least, there was no appreci- 
able change in size after that time. There was no constant relation 
between the reaction of the knees to intraarticular injection and the 
liability for any given joint to be involved after the intravenous inocu- 
lation; for example, both knees of Rabbit K-50 showed the most severe 


TABLE I. 

Summary of Joints Involved in Experiment 3. 


Jobt. 

Rabbit No. 

Total 

involved 

Per cent 
involved. 

K-42 

K-43 

K-46 

K-47 

K-SO 

K-51 

K-54 

K-SS 

R. S, 

B 

0 

+ 

0 

+ 

4“ 

0 

+ 

mm 


L. S. 

+ 

+ 

+ 

+ 

0 

+ 

H 

+ 


75 

R. E. 

+ 

+ 

+ 

+ 

a 

0 


0 

H 

50 

L. E. 

+ 

0 

0 

+ 

H 

+ 

0 

+ 

n 

50 

R. W. 

+ 

0 

0 

+ 

0 

0 

0 

+ 

3 

37 

L.W. 

+ 

0 

+ 

+ 

H 

0 

+ 

+ 

5 

62 

R, H, 

+ 

0 

0 

-1- 


0 

0 

0 

2 

25 

L. H. 

+ 

0 

+ 

H 


0 

+ 

0 

3 

37 

R.A. 

B 

+ 

0 


0 

0 


+ 

2 

25 

L. A. 

0 

+ 

+ 

U 


0 


+ 

3 

37 

R. K. 

0 

0 

+ 

+ 



+ 

0 

3 

37 

L. K. 

+ 

+ 

+ 

+ 


+ 

+ 

0 

6 

75 


and persistent reaction, and neither of them was diseased at the time 
of death. From this animal alone one might conclude that the pre- 
liminary articular injury had led to a condition of immunity, but the 
results in Rabbit K-43 point in the other direction. Both knees of 
this animal showed intense and fairly persistent swelling following the 
initial injury, but only the left was involved following the intravenous 
inoculation; four other joints of this animal were a£so inflamed, and 
there was an abscess in the left tibialis anticus muscle. So many fod 
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of infection indicate that the animal had mudi less lesistance than 
did No. K-SO. 

A summary of the distribution of arthritis among the joints of the 
different rabbits (Table I) shows that the left knee — the one previously 
injected with Strain A135 — ^was involved in six animals; the right — 
previously injected with Strain Z7S — ^was invaded half as frequently. 
K we consider the percentage of arthritis in the various sets of joints, 
i.e. right shoulder, left shoulder, etc., it is evident that the left shoulder 
was involved as frequently as the left sensitized (?) knee, and that in 
most instances more joints were affected on one side of the body than 
on the other. Two of the animals failed, in addition, to show arthri- 
tis in either of the previously injected joints; it would, therefore, be 
illogical to conclude that the localization of inflammation in the left 
knees of the other six was due to a specific streptococcus joint sensiti- 
zation. We are inclined to regard the localization in the knees as due 
to the same factors that determined the localization in other joints — 
virulence and invasive properties of the streptococci. 

Because of the apparent failure to induce joint sensitization with 
heat-killed streptococci an attempt was made in one experiment to 
sensitize joints with an extract of streptococci prepared by the method 
used by Kerry. This was considered advisable because of the theory 
of Zinsser (4, 5) that substances of much smaller molecular size than 
bacteria may penetrate cells and lead to an aller^c state of these cells. 
It is evident that the experiment as planned by us is not of the same 
nature as those usually performed to demonstrate sensitization; in 
the latter the animal is sensitized by introduction of the antigen intra- 
venously or intraperitoneally, possibly subcutaneously, and the local 
allergic state demonstrated subsequently by introducing the antigen 
into some particular tissue, as the skin or mucous membrane. This 
local hypersensitiveness is only a part of a general allergy and cannot 
be considered the same as the “joint sensitization” described by Kerry 
and Faber. 

Experiment 4.— An extract of Streptococcus 38D and one of Streptococcus 
A49 were prepared as follows: Cultures were seeded on glycerol potato agar to 
which rabbit blood.had been added. After 18 hours the growth was carefully 
scraped off, futon up in a small amount of saline, and desiccated in vacuo over 
PtOi or KOH. E arb extract consisted of two lots; one required 48 hours for 
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douccation and the other only 2 hours. The dried bacteria were then pul- 
Terized by grinding in an agate mill for 24 hours. The powder was weighed and 
mixed with sodium chloride solution and water in such proportions that each 
cubic centimeter contained 4 mg. of dried bacteria and 8 mg. of NaCl. The 
bacterial suspension was allowed to stand at room temperature with frequent 
shaking of the container for another 24 hours, when it was centrifugalized at 
hi|^ speed until water-clear. The supernatant solutipn was pipetted off; 0.5 
cc. of Strain 38D was injected into the right knee of each of four rabbits, and 0.5 
cc. of Strain A49 into the left. Cultures of the extracts showed that Strain 38D 
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Text-Fig. 5. Measurements of knees following intraarticular injection and 
intravenous inoculation. The arrow indicates the day on which the animals 
received an intravenous inoculation of the sediment of 5 cc. of Streptococcus 
A49/0/10. 


was quite heavily contaminated with white non-hemolytic staphylococci, and 
Strain A49 contained a very few of the same contaminants. No streptococci 
were recovered from either solution. The local reaction induced by the intra- 
articular injection might, therefore, have been due to the presence of contami- 
nating staphylococci, as well as to the streptococcus extract. Indeed, the more 
marked swelling of the right knees when compared with the left suggests that the 
heavier contamination of Solution 38D was responsible for the severe reaction. 
It was shown, however, by marked turbidity of the solutions on boiling that they 
contained a large amoimt of bacterial protein. 
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Because of the contamination with staphylococci the solutions were filtered 
through a Berkefeld filter, and subsequently shown to be sterile. Their toxicity 
was tested as follows: one rabbit was injected intravenously with 3 cc. of Strain 
38D, another with 3 cc. of Strain A49, and a third with 2 cc. of each. None of 
these animals showed any toxic symptoms. This result would be expected from 
our general knowledge of the lack of endotoxin in members of the coccus group 
of bacteria. 

23 days after the four rabbits had received intraarticular injections of the two 
bacterial extracts, each was inoculated intravenously with the sediment of 5 cc. 
of culture of Streptococcus A49/0/10. They were observed for a week, then 
sacrificed and examined in the usual way. The results of this experiment are 
^own in Text-fig. 5. 

As already noted, the right knees of all the rabbits reacted quite 
violently to the intraarticular inoculation. This was probably due to 
the contamination of the extract. The left knees injected with Strep- 
tococcus A49 extract, 6n the other hand, reacted only mildly. There- 
fore, at the time of intravenous inoculation the right knee of each 
animal had been intensely inflamed and possibly sensitized to Strepto- 
coccus 38D, and the left knee possibly sensitized to Streptococcus A49. 
The intravenous inoculation with Streptococcus A49 would be expected 
to bring out evidence of this sensitization if it existed. The dose was 
fortunately proper to induce arthritis in all the animals, but only one 
of them (No. L-11) had inflammation of the knees. Among the four 
animals there were sixteen inflamed joints, and among these the wrists 
shoulders, hips, and ankles were affected more frequently than the 
knees. It is evident, therefore, that the preliminary irritation of the 
knees of these rabbits did not render them especially liable to localiza- 
tion of the streptococci. The results in general agreed with those of 
the previous experiments. 


DISCUSSION. 

A summary of all the results is given in Table II, in which the 
order of the experiments is arranged according to the percentage of 
total joints involved in each group. This shows that tWe was pro- 
vided a fairly wide range of conditions in respect to virulence and 
power of the various streptococci to invade joints. In two experi- 
ments (Nos. 2 and 4) the injected knees showed less tendency to be 
involved than did other joints, and the knee previously injected with 
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killed streptococd or bacterial extract of the same strain that was inocu- 
lated intravenously reacted in exactly the same manner as the oppo- 
site knee that had been previously injected with another strain of 
streptococci. In another experiment (No, 1) the knees injected with 
homologous coed were involved slightly more often than those injected 
with heterologous coed, but the fact that the larger proportion of 
injected knees failed to be involved following intravenous inoculation 
of the animals shows that inflammation of some of the knees cannot be 
attributed to sensitization. In the remaining experiment (No. 3) 
twice as many knees injected with the homologous strain were involved 


TABLE n. 

Simmatry of the Results of All Experiments. 


Experiment No. 

2 

1 

4 

3 

Total. 

No.of anitnals 

Total No. of joints (12 per 

8 

7 

4 

8 

27 

animal) 

96 

84 

48 

96 

324 

Total No. of joints involved 
Total homologous ^^sensi- 
tiaed” knees involved (1 

4 = 4% 

20 « 24% 

16 = 33% 

45 = 47% 

85 - 26% 

per animal) 

Total non-homologous “sen- 
sitized” knees involved (1 

0 

3 = 43% 

1 » 25% 

6 = 75% 

10 - 37% 

per animal) 

Total No. of joints involved, 
excluding “homologous 

0 

2 * 28% 

1 «25% 

3 - 37% 

6-22% 

sensitized” knees 

4-4% 

17 22% 

15 » 34% 

39 = 44% 

75 = 25% 


compared with those injected with the heterologous strain; but Strep- 
tococcus A135 in the amount inoculated had such high invasive 
powers that practically half the joints of the rabbits were inflamed. 
It therefore hardly seems justifiable to attribute the involvement of 
the injected knees to a spedfic sensitization. 

In considering the total of all the experiments the knees injected 
with homologous strains showed only a slightly hi^er percentage 
of involvement than did other joints, and this can be accoimted for 
largely by the figures in Experiment 3, If a definite hypersensitive- 
ness of the joints had been induced by the experimental conditions a 
much higher proportion of “spedfically sensitized” joints should have 
been inflamed. 
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It is impossible to coordinate our results with the conclusions of 
the workers previously quoted. As already mentioned, our analysis of 
Faber’s experiments leads us to different conclusions from those that he 
drew; we feel, therefore, that his e3q>eriments and ours are more or less 
in accord. Kerry states that he inoculated rabbits intravenoiisly 8 to 
15 da 3 rs following intraarticular injection. Our measurements and 
observations of the rabbits’ knees indicate that the inflammation 
incited by the intraarticular injection often had not completely sub- 
sided by the 12th to 15th day. It is not difficult to understand how 
rabbits with acutely inflamed knees, when inoculated intravenously, 
rai^t have an increase of the inflammation in these joints. We can- 
not agree, however, that these streptococcus extracts are markedly 
toxic, or that intraarticular injection of them so alters the tissues of 
the joints that streptococci injected intravenously localize only in the 
treated joints. 

Our experiments have nothing to do with the relation of an arthritis- 
to a general allergic state. It is conceivable that an animal which is- 
hypersensitive to a foreign protein or allergic to a certain bacterium, 
such as the tubercle bacillus, might have a severe arthritis if the for- 
eign protein, specific bacillus, or bacterial protein were introduced into 
the joint. The arthritis in this event would be of the same nature as 
a local inflammation caused by the introduction of the specific antigen 
into the conjunctival sac or into the subcutaneous tissue. A dis- 
cussion of a possible relation between this type of reaction and the 
manifestations of rhemnatic fever is beyond the bounds of this article. 

CONCLUSIONS. 

It was impossible to demonstrate a condition of specific joint sensi- 
tization to non-hemolytic streptococci by first injecting the joints of 
rabbits with small doses of killed non-hemolytic streptococci, or with 
extracts of these organisms, and subsequently inoculating the -rabbits 
intravenously with homologous living bacteria. Joints so treated were 
no more liable to involvement than were other untreated joints of the 
same animals. 
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A NEW GENUS OF NEMATODES FROM THE DOMESTIC 

RABBIT. 

By H. W. GRAYBILL, D.V.M. 

{From the Department of Anitnal Pathology of The Rockefeller Institute 
for Medical Research, Princeton, N. J.) 

Plate xi 

In rabbits maintained for experimental purposes at this Depart- 
ment, there has been collected from the stomach on a number of 
occasions a nematode showing certain affinities with the genus 
Graphidium Railliet and Henry, 1909. The parasite in question, 
however, differs from the type species of that genus in characters 
which must be regarded of more than specific value and it has there- 
fore been assigned to a new genus. It has only recently been noticed 
in our rabbits. I am indebted to Dr. Smith for calling my attention 
to it. Whether the parasite had heretofore been overlooked in 
autopsy examinations or has been recently introduced cannot be said. 
It seems probable that it originated from a wild host and is indigenous 
to this continent. It was first noticed after our rabbits had been 
transferred to quarters where they had access to the ground. 

The parasite falls in the family Trichostrongylidae Railliet, 1915, 
and the subfamily Trichostrongylinae Leiper, 1908. The name 
proposed for it is Obeliscus cuniculi. 

Generic Diagnosis. - Obeliscus: Head nude. Cuticle marked by 
a limited number of prominent longitudinal striae. Cervical and 
prebursal papillae present. Bursa deeply incised to form two lateral 
lobes. A small, distinct, well defined dorsal lobe, supported by a 
dorsal ray. Rays of lateral lobe fall into the usual ventral, lateral 
and dorsal groups. The ventro-ventral and latero-ventral rays 
after a pronounced divergtence terminate near each other. The 
medio- and postero-lateral rays originate in the same stalk and are 
parallel. The spicules are cleft distally, the branches terminated 
by a recurved hook. Vulva toward posterior end of body. Well 
developed muscular ovijectors are present. 
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DESCRIPTION OF THE SPECIES. 

The worms are whitish in colour but show some dark streaking 
due to the colour of the intestine. The anterior end is blunt. The 
cuticle is very finely striated transversely and marked by prominent 
straight or undulating longitudinal striae numbering approximately 
27 to 36. Two short, stout, backwardly directed cervical papillae 
are present in the form of bluntly pointed spines. There is no 
pharynx. The oesophagus after a very slight initial reduction in 
diameter gradually expands to the broad posterior end where it is 
rounded off (PI. XI, fig. 1). 

The Male . — The length ranges from 10 to 14 mm. The maximum 
width occurs toward or at the posterior end. It was 211 and 229 n 
in two instances. The body tapers gradually to the anterior end. 
The head measured 57 (x broad. The cervical papiUae were located 
581 n from the anterior end. The number of longitudinal striae of 
the cutiaila as determined near the middle of the body is approxi- 
mately 27. There are a pair of prebursal papillae. The measure- 
ment of the oesophagus in two instances was 810 and 827 m long 
and 103 and 90 m in maximum breadth respectively. The spicules 
are brown in colour, nearly straight (Fig, 2), equal in length, and in 
two males measured 440 and 475|u long and 21 n broad. Very close 
to the proximal end they are provided with a thin, rounded concave 
expansion projecting at an angle to the axis of the spicule, and at 
the distal end they are deft for a short distance. One branch is flat- 
tened and enfolds the other laterally and ventrally ending in an 
inwardly directed recurved hook from the summit of which pro- 
jects a relatively broad process rounded at the end. The other 
branch ends in a recurved hook directed dorsally, from the crest of 
which projects a very fine curved spine (Fig. 3). The bursa (Fig. 4) 
consists of two large, rounded, lateral lobes and a small dorsal lobe. 
The internal surface of the former, except at the periphery, is thickly 
covered with small round papillae variable in size. Peripherally 
the same surface is marked by radiating ridges which may show 
branching. Each lateral lobe is supported by six well-developed 
rays. The ventro-ventral ray is small and bends slightly ventral. 
It originates from the base of the latero-ventral ray. The latter is 
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large and after passing backward for more than half its length curves 
ventral and terminates near the end of the former. The extemo-, 
medio-, and postero-lateral rays form the usual lateral system. The 
former is large and runs along the middle of the lobe terminating 
near its margin. The other two are small, lie close together, and bend 
slightly dorsal. The extemo-dorsal ray is small and slightly curved. 

The dorsal lobe of the bursa (Fig. 5) is median, distinctly demarked 
from and lies within the lateral lobes. It may be looked on as slightly 
three-lobed, there being two lateral and a very small terminal median 
lobe. The end of the dorsal ray extends into the latter where it 
divides into two branches, each of which bifurcates, the external 
portions being the shorter. A little anterior to the first division two 
lateral spurs are given off (Fig. 4). 

The Female . — It ranges in length from 15 to 18.5 mm. The maxi- 
mum width (387 and 546 ju in two instances) occurs at the middle 
of the body. The width of the head is 119 /i. The tail is pointed. 
From the middle region the body gradually tapers in both directions 
but a few millimetres (3.2 to 3.6) from the posterior end there is an 
abrupt reduction in diameter (Fig. 6). In a specimen measured 
this region had an anterior and middle diameter of 264 and 282 n 
respectively. The vulva is a transverse slit located at the anterior 
end of this region. In two measurements made the anus was located 
226 n and 299 n from the posterior end. The cervical papillae were 
located 649 ^ from the anterior end. The longitudinal striae of 
the cuticula number approximately 32 to 36. The oesophagus 
measured 1 mm. long. The diameter near the anterior end was 
37 n and the posterior diameter in two specimens 131 /x and 144 n. 
The nerve ring occurred 405 ii from the anterior end. The va^a 
is short, leading directly inward into well-developed muscular ovi- 
jectors (Fig. 6). The terminal portions of the uteri enter the ovi- 
jectors anteriorly and posteriorly. This region of the uterus is 
separated from the rest by a constriction, is somewhat narrower and 
appears to be specialised for passing the ova into the ovijector. 

The ova are elliposoidal in shape (Fig. 7).- They are provided 
with a very thin, double-contoured shell. When deposited they 
are in the morula stage. In size they range from 76 to 86 n long and 
44 to 45 u broad. 
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MEW OEMVS OE NEMATODES FROM THE SABBIT 


Tbis spedes shows certain relations to Graphidhtm strigosum 
(Duj. 1845) Railliet and Henry, 1919, type ^des of Graphidium, 
reported from Europe in rabbits {Oryctolagus cuniculus and Lepus 
europaeus). The more striking structural differences of the latter 
are as follows (1): The spicules are long, filiform, and frayed out at 
the distal end. There is no dorsal lobe to the bursa. The five rays 
of the lateral and ventral systems are uniformly and symmetrically 
spaced, and the extemo-dorsal ray is long and prominent. These 
differences are considered suffidently important to warrant placing 
the form here described in a new genus. 

REFERENCE. 

(1) Haix, M. C. (1916). Nematode parasites of mammals of the orders 
Rodentia, Lagomoipha and Hyracoidea. Proc. U. 5. Nat. Mus., i, 1-258. 

EXPLANATION OF PLATE XI. 

All drawings except Figs. 3 and 5 were made with a camera lucida. 

Fig. 1. Anterior end of a male, showing oesophagus and cervical papillae. 
X 103. 

Fig. 2. Spicules. X 170. 

Fig. 3. End of a spicule showing the two branches. 

Fig. 4. Dorsal view of bursa. Shape of dorsal lobe distorted. X 80. 

Fig. 5. Outline of dorsal lobe of bursa showing dorsal ray. 

Fig. 6. Body of female in region of vulva showing beginning of narrow poster- 
ior portion of the body, muscular ovijectors, uteri, ovaries, and intestine. X 103. 

Fig. 7. Drawing of ovum when deposited. X 680. 
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